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CHAPTER ONE 
PROLOGUE 
The Roman emperor Vespasian, who ruled from 69 to 79, once rewarded the inventor of 
a new machine to convey columns, but decided not to use the machine as it would cause 
unemployment amongst the poor. This example shows that technical inventions, displace-
ment of labor and strategic behavior with respect to these issues date back to the times of 
the Romans at least. Probably, they are as old as man himself. This can not be said for 
the systematic study of these phenomena, which started only recently. Although many 
notions around the theme 'man and machine' can be traced back to long forgone periods, 
they were not the subject of academic and practitioner investigations until the founders of 
disciplines such as mechanical engineering and political economy started their work in the 
eighteenth century. Since then, the study of the increasing division of labor has been 
subject to an increasing division of labor itself. Disciplines such as ergonomics, psychol-
ogy, sociology, and industrial engineering gradually became involved in research on the 
theme, generally without much mutual contact. The growth of the field of researchers 
went hand in hand with the growth of the field of research. New machines were and are 
invented continuously. This also holds for organization and management techniques, 
which are to guarantee that man and machine cooperate productively. Among relatively 
recent examples of both categories are 'industrial robots' and 'sociotechnical systems 
theory', which both originated in the 1940s and 1950s. Both have an aura of 'flexibility' 
and 'smoothness', which have to be seen in relation to developments at product markets 
and the deployment of labor. The opinions about the factual and desirable paths of 
development differ on a variety of accounts. This book is a sketch of a map, which 
hopefully serves to clarify at least part of the landscape formed by man and machine. 
More concrete: work content around programmable automation forms the topic of study, 
a topic which can not be studied fruitfully without also examining a score of external 
factors. 
The second chapter sketches the theoretical context of the debate. The first section 
focuses on work design by juxtaposing two alternative 'design orientations', i.e. the 
organizing logic underlying the assignments of tasks to functions. These design orienta-
tions are called, respectively, 'fractionized' and 'integrative'. Historically, the first 
approach has been dominant, but during the last forty years a multitude of integrative 
design methods has been developed, often as a reaction to so-called 'dysfunctions' of 
fractionized ways of organizing. Are integrative designs actually being implemented to an 
increasing degree? What are the boons and merits of both design orientations? The next 
section discusses the impact of technology, or preferable 'technical systems'. These are 
frequently held responsible for changes in work content, yet the notion that they would 
determine work content is widely rejected. To what extent are such views justified? Do 
certain systems more or less automatically lead to specific work designs, or are there 
'degrees of freedom', implying that the role of technical systems is limited at most? As 
organizations do not operate in an environmental vacuum, developments at product and 
labor markets are discussed in, respectively, the sections 2.3 and 2.4. At product 
markets, batch sizes are increasing according to some, whereas others point to the need 
for 'flexibility' has been frequently stressed, requiring an adaptive organization as well. 
What is the relationship between changes in work content and developments at product 
markets? Mass education has resulted in a continuously rising level of education at the 
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(supply side of the) labor market. Much literature in the 1980s and early 1990s has 
suggested that fractionized organizations have become obsolete and need to be converted 
into integrative ones. Yet, questions abound. What is the descriptive value of this 
development? How do developments at the labor market influence work design? What 
alternatives are thinkable? The fifth and final section of chapter two is an attempt to 
integrate the earlier sections into a research model. The remainder of the study concen-
trates on the Netherlands in order to hold cultural and institutional factors constant. 
Hypotheses are formulated, which form the framework for the interpretation and 
discussion of empirical work in the chapters four and five. First, however, chapter three 
makes the abstract notion of 'technical system' used in chapter two more concrete by 
introducing three forms of automation of discrete manufacturing processes: (C)NC-
machines, industrial robots and Flexible Manufacturing Systems. Its character is in the 
first place descriptive. Section 3.1 centres around the description of technical characteris-
tics, among which programming methods, and around different applications of these 
machines. What is technically feasible? How do technical features relate to economic 
characteristics? Section 3.2 describes the diffusion of the various forms of automated 
manufacturing in the Netherlands. Are these of substantial importance, or should they be 
regarded as exceptional? 
Chapter four contains secondary analyses of data, which were gathered in empirical 
research on work design around the three forms of automated manufacturing discussed in 
the preceding chapter. The original data are used where possible, and reinterpreted in the 
light of the hypotheses formulated in section 2.5: how do the factors identified in the 
theoretical chapter as having an important influence on the division of labor materialize in 
the case of automated manufacturing? The division of labor around automated manufac-
turing centres around the assignment of programming tasks to the machine operator, as 
programming means controlling the machine and the labor process. Much literature is 
available on (C)NC-machines allowing to discuss the influence of a host of factors. 
Especially the case data allow to gain a richer insight into the interwovenness of technical 
and economical factors. Some of these factors simultaneously impede and enhance the 
occurrence of integrated functions via intermediate factors. Industrial robots and Flexible 
Manufacturing Systems proved to have been less popular objects of study than (C)NC-
machines, although in relation to the actual number of Flexible Manufacturing Systems in 
use, the number of studies on their impact can be considered to be substantial. Remarka-
bly enough, the industrial robots have received relatively little attention. Therefore, the 
empirical part of the study focuses on industrial robots, and more specifically on their 
most popular application: arc welding. Thus, chapter five contains ten case studies, 
addressing the central question: 
'How are the tasks, that can be distinguished around arc welding robots, divided 
over jobs, and what factors influence the choice for a specific division of these 
tasks over jobs?' 
One advantage of these case studies over the secondary analysis of chapter four is that 
they allow to answer the hypotheses more clearly, thereby also establishing the relative 
importance of the factors distinguished. But is there a clear pattern discernable? At the 
end of chapter five, a model is sketched as a more systematic assessment of the role of 
the actors distinguished. 
Finally, chapter six places the previous findings in a historical perspective. The generic 
theme 'work and technology' has been subject of scientific enquiries for over two 
centuries now. The outlines of this debate are given, drawing on studies of various 
periods, from different disciplinary backgrounds, and conducted in different countries. 
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Next, the question is addressed whether or not industrial robots have a favorable impact 
on the quality of working life, or more specifically, on work content and working 
conditions. Ultimately, it proves to be possible to relate the empirical findings concerning 
work content to the historical discussion. 
However, before proceeding it seems necessary to pay attention to some epistemologica! 
issues in the next section. This has a somewhat contemplative nature, and the reader may 
feel that it does not belong in the main body of the text. Yet, whereas the epistemologica! 
foundations of knowledge are evidently important, their existence is not always realized, 
let alone the consequences of different epistemologica! bases. While reviewing theoretical 
and empirical studies one often touches on irreconcilable findings, which are attributable 
to diverging epistemologica! strands. Furthermore, in the remainder of the book occa-
sionally terms are used which are explained in the next section. 
1.1 Spectacles and spectacles 
Two homonyms of 'spectacles' are 'glasses' and the plural of 'grand performance'. In 
social science, both homonyms play a critical role. Throughout the centuries, 'technology 
and labor' have formed the very heart of economic developments, or in more theatrical 
wordings, they were, and still are, the main actors in the historical play of economic 
development. Whereas economic historians may be able to write the script of this play 
after it has been played, the opinions of the audience and the actors themselves may vary, 
as critics frequently come to different judgements of the same performance. The reason 
for these differences of opinion is not that the play was different, but that the criteria 
which the critics use differ. In other words: they wear other spectacles. 
A similar process can be seen in research. Authors with various backgrounds have been, 
are and will be involved in research on the 'technology and labor'. The variety in 
backgrounds does not only concern the disciplines of authors, but often also their 
ideological backgrounds and scientific convictions. In 1989 and 1990, conflicting assump-
tions, reflected in contrasting dominant approaches in literature, formed the (implicitly 
present) background of a debate between adherents of the labor process approach and 
proponents of modern sociotechnology in the Dutch/Flemish ty'dschrifi voor Arbeids-
vraagstukken, the 'Journal for Labor Issues'. Earlier, a similar collision had occurred in 
an article by Sorensen (198S). 
The ideological background of any human being, including academicians, is likely to 
influence the particular stances taken. The same facts may be interpreted in different ways 
by different people, depending on the ideological backgrounds of the interpreters. To 
clarify this statement, the difference between unitary, pluralist and radical approaches will 
be discussed (Burrell and Morgan, 1979; Morgan, 1986). These approaches will be used 
to provide a partial explanation of the differing positions taken in the mentioned debate. 
The aim of this exercise is to enunciate the underlying assumptions of these approaches 
and to classify various theories in a framework. Before proceeding to this task, a word of 
warning is necessary: this framework may be interpreted as providing stereotypes of 
various theories. While such a framework may be used as a useful map to orientate 
oneself in the world of organizational theory, one must keep in mind that these often are 
rude descriptions of properties. Members of a population for which a specific category is 
used, generally possess most, but not necessarily all of the properties mentioned. 
The central idea in Burrell and Morgan's 1979 book 'Sociological Paradigms and 
Organisational Analysis' is, that 'all theories of organization are based upon a philosophy 
of science and a theory of society. [...] All social scientists approach their subject via 
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explicit or implicit assumptions about the nature of the social world and the way in which 
it may be investigated' (1979, 1). The importance of these statements must not be 
underestimated. However, many authors seem to be unaware of the implicit assumptions 
which they have adopted. As stated, the assumptions concern either the scientific 
approach adopted or a view of society. 
The scientific assumptions have different natures: 
1. ontological: concerning the essence of the phenomena under investigation; 
2. epistemologica!: concerning the grounds of knowledge; 
3. concerning human nature, and the relationship of human beings with their environ­
ment; 
4. methodological: dealing with the way knowledge can be obtained. 
Table 1.1 describes two ideal-typical strands on these assumptions as the subjectivist and 
objectivist approach to social science. 
Table 1.1 : The subjective - objective dimension 
Ontology 
Epistemology 
Subjectivist 
Nominalism 
Anti-positivism 
Human nature | Voluntarism 
Methodology 1 Ideographic 
Objectivist 
Realism 
Positivism 
Determinism 
Nomothetic 
Source : Adapted from Burrell and Morgan, 1979, ρ 3 
Nominalists assume that there is no real structure to the world external to individual 
cognition. Social reality is structured by creating concepts and labels which are used to 
make this world intelligible for human observers. One can be sure of the existence of 
these concepts, but at the same time the existence of a social world is denied. In contrast, 
realism postulates the existence of a structured social world, although existing concepts 
may not suffice to describe this world. 
With respect to epistemology, positivists try to explain and predict events in the social 
world by searching for regularities and causal relationships. By formulating and validating 
hypotheses and theoretical models, a body of objective knowledge concerning the social 
world can be construed and extended. Anti-positivists however, maintain that there is no 
such thing as an Objective' knowledge. Human behavior and actions can only be 
understood from the point of view of the actor. It is essential to adopt the actor's frame of 
reference to be able to understand his actions. 
A third dimension of differences between objectivists and subjectivists concerns the issue 
of human nature. Determinists see man's behavior as being ruled by the environment. 
Voluntarists on the other hand see man as completely free to pursue his own strategy. 
Perhaps more than on the other issues, intermediate positions between the extremes of 
determinism and voluntarism are frequently adopted. 
The fourth debate centres around the question how knowledge can be gathered. The 
positions taken on the three issues mentioned have consequences for the question of what 
methodology is considered to be applicable. The ideographic approach stresses the 
importance of getting close to a subject in order to be able to understand the subject's 
point of view and backgrounds. Impressionistic accounts, like diaries and biographies, 
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provide important data according to the ideographic approach. The nomothetic approach 
on the other hand stresses systematic protocols and techniques. Key elements include 
scientific rigour, testing hypotheses and the use of quantitative research methods such as 
surveys. 
With regard to the view of society, Burrell and Morgan make a distinction between 
'sociologists of regulation' and 'sociologists of radical change'. Sociologists of the first 
category tend to emphasise the unity and cohesiveness of society, and are concerned with 
the need for regulation in human affairs. In contrast, the basic concern of sociologists of 
radical change is 'to find explanations for the radical change, deep-seated structural 
conflict, modes of domination and structural contradiction which its theorists see as 
characterising modem society' (Burrell and Morgan, 1979, 17). 
By combining the distinctions with regard to society with the distinctions with regard to 
science, four paradigms of social theories emerge, as shown in Figure 1.1. 
Figure 1.1 : Paradigms in social theories 
SOCIOLOGY OF RADICAL CHANGE 
SUBJECTIVIST Radical humanist Radical structuralist OBJECTTVIST ist 
Interpretive Functionalist 
SOCIOLOGY OF REGULATION 
Source : Burrell and Morgan, 1979, ρ 22 
These paradigms provide different viewpoints of the social-scientific reality as they are 
based on different meta-theoretical assumptions. Most approaches dealt with in this study, 
and for that matter the study itself, are functionalist, although some radical structuralist 
theories are used. While it is beyond the scope of this study to discuss the differences 
between the various categories extensively, the underlying assumptions of functionalism 
will have to be discussed in further detail. 
As shown in Figure 1.1 functionalism is objectivist with respect to its approach to 
science. Furthermore, functionalism belongs to the sociology of regulation. 
Within functionalism, several views may be adopted. To be more concrete, Lammen 
(1990, 181-183) provides a short history of the concepts 'unitarism' and 'pluralism'. 
According to him, in 1958 the Englishman Ross was the first one to make a distinction 
between pluralism and unitarism, using the words 'organic unities' and 'plural societies'. 
In 1966, Fox suggested to replace the unitary system by a pluralist approach. This advice 
was followed by many. Lammers himself relabelled the two views as 'socio-cultural 
system' and 'parties model'. 
Burrell and Morgan argue that the interest in power and conflict laid the basis for the 
analysis of organization as pluralist political systems. Pluralism is the opposite of 
unitarism. Pluralism and unitarism hold opposing positions with regard to interests, 
conflict and power. 
'Whereas the unitary view of organizations tends to stress that an organization is a co­
operative enterprise united in the pursuit of a common goal, the pluralist view stresses the 
diversity of individual interests and goals' (1979, 202). In the unitary view, organization 
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members work together to achieve a goal, from which all organization members benefit. 
In the pluralist view however, an organization is seen as a network of individuals (or 
groups of individuals) who only work together to achieve their individual goals. Conflict 
is thus an inherent property of organizational life: as individual interests may differ, 
conflict between individuals is always present. However, conflicts may not endanger the 
organization's survival, and ought to be institutionalized. In contrast, unitarists view 
conflict as undesirable phenomenon, that should be controlled by managerial actions. 
Conflicts may disrupt the harmonious order in the organization, and thus prevent the 
achievement of the organization's goal. The question of power is largely ignored in this 
view: as all organization members benefit from the organization's well-being, organiz-
ation members should conform themselves to the rules of their organization as set and 
advocated by management. 'Concepts such as authority, leadership and control are 
preferred ways of describing the 'prerogative' of managers to guide the organization as a 
whole towards desired goals and aims' (1979, 203). In the pluralist view however, power 
is the medium through which conflicts are settled. Organizational life is a never ending 
power-play between (groups of) individuals. 
'Some of these authors also arrive at more than two models because they differentiate 
between models which can be (and in the sixties and seventies they usually were) 
considered as variants of either the system view or the parties view' [...] Morgan (1986: 
Chaps. 6 and 9) subdivides what is called here the parties perspective into the 'pluralist 
frame of reference' and 'radical organization theory" (Lammers, 1990, 183). Lammers 
refers to Morgan's book 'Images of Organization', in which this tripartition in organiz-
ational theories is made. With this statement, Lammers leaves the underlying view of 
society (both approaches adopt the same scientific assumptions) out of consideration, as 
radicalism and pluralism are both seen as the parties perspective. Table 1.2 is a summary 
of Exhibit 6.6 of Morgan (1986). It shows the main positions taken by the three frames of 
reference, concerning the topics of 'interests', 'conflict' and 'power'. 
Table 1.2 : Frames of reference 
Interests 
Conflict 
Power 
Unita rism 
Common objectives 
of an integrated 
team 
Undesired activity 
of troublemakers, 
which should be 
removed 
Largely ignored 
Pluralism 
Recognition of group 
and individual 
interests; 'loose 
coalition' 
Inherent characteristic 
or organizational life; 
potentially positive 
Crucial medium to 
resolve or alleviate 
conflicts 
Radicalism 
Interests are largely 
incompatible; the or-
ganization as battle-
ground to achieve own 
goals 
Inevitable and part of a 
class conflict at a so-
cietal level 
Key feature of organiz-
ation, but unequally 
divided following class 
divisions 
Source : Adapted from Morgan, 1986, pp 188-189 
An analysis of Table 1.2 leads to the conclusion that pluralism and radicalism can indeed 
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be seen as further subdivisions of the parties view, as Lammers argues. A remarkable 
difference between pluralism and radicalism is only implicitly being referred to in 
Table 1.2. This difference concerns the choice for a particular party. While this choice is 
left open in pluralism, radicalism clearly opts for the underdog, who is in most cases 
personified as 'worker' in a never ending war with (capitalist) manager. Given the 
Marxist roots of radicalism, this choice is hardly a surprise. However, one may wonder 
why these typologies do not contain a category which opts for the perspective of (capital-
ist) managers. The answer, which is in itself pluralist, is that there is no need for such a 
separate category, as unitarist theories or their underlying ideologies can be used by 
managers, or any other leaders for that matter, to serve their own purposes. A unitary 
frame of reference, leading managers to consciously or unconsciously believe they are 
managing an organizational team, implies that team members have to gather in the pursuit 
of common objectives. These team members have to respect 'the right of the manager to 
manage and the duty of employees to obey' (Morgan, 1986, 187). To some people the 
unitary ideology may sound naive. However, unitary arguments are often heard and may 
be extremely powerful. Many theories of management are based on a unitary ideology. 
An example of how deeply especially unitarism is embedded in organizational life can be 
illustrated by the concept of 'bureaucratic opposition', for instance 'whistle blowing' 
(Weinstein, 1979). Whistle blowing refers to an organization member, who makes his or 
her discontent about some organizational practice publicly known. Even if this particular 
practice is by commonly accepted standards grossly unethical, bringing it out to the public 
is hardly ever appreciated by other organization members. 
Now that the societal and scientific views underlying research in the social sciences have 
been uncovered, it is time to proceed to a discussion of the topic 'work design and 
technology'. However, as will become clear when reading this study, time and again it is 
necessary to fall back on these societal views, as they underlie much of the literature 
discussed in the following and partly explain contrasting opinions expressed. 
7 

CHAPTER TWO 
WORK AND ORGANIZATION DESIGN: 
THEORETICAL PERSPECTIVES 
In the previous section, a classification of social theories was presented in which 
philosophy of science and philosophy of society both played a certain role. A related topic 
of a philosophical nature concerns the question of the relative importance of theory and 
practice. Extreme positions in this debate give either one of them priority. A typical 
comment on theory-driven research, is the assertion, that the research is unrealistic as it 
has not been tested in 'the real world'. Criticisms on data-driven research include 
'inventing the wheel again' and a lack of motivation for the choice of variables. The 
underlying study consists of a theoretical and an empirical part. The choice for the 
variables, which are included in the empirical part, is motivated in this chapter. 
Most theories, or approaches, discussed in this theoretic chapter are classifiable as 
sociological, although contributions from industrial engineering, economics and psychol-
ogy are also used. Studies of a more applied nature concerning the division of labor 
around automated manufacturing in the Netherlands, are discussed in chapter four. 
Doorewaard and Huijgen (198S, 56) consider the difference between measures concerning 
the technical production system and the labor organization as purely analytical. Although 
changes in the labor organization frequently coincide with changes in the technical 
production system, the first category may also occur independently of changes in the 
technical production system. Therefore it is necessary in this theoretical chapter to draw 
the line between both closely related concepts as sharply as possible. Sections 2.1 and 2.2 
deal with the design of, respectively, organizations and technical systems. 
Section 2.3 discusses one part of the organizational environment, namely the product 
market, and the consequences this has for an organization's product strategy. Section 2.4 
continues the chapter by discussing a second category of environmental influences, 
namely the labor market. An organization is dependent on the labor market for a 
sufficient supply of employees with the desired qualities. Two contrasting visions 
concerning the relationship of demand and supply on the labor market are presented. 
In the concluding section 2.S, a research model and hypotheses are presented which 
provide the framework for the remainder of the study. 
2.1 Design orientations 
Work design involves the assignment of tasks to functions or jobs. Organization design 
can then be seen as the coupling of all individual functions within an organization. The 
assignment of tasks to functions can be assumed to follow a specific organizing logic, 
which is adopted and implemented consciously or unconsciously by organizational 
decision-makers. This organizing logic is called 'design orientation' in the remainder of 
this study. In this section, two contrasting idealtypical design orientations are discussed 
and confronted. Next, attention is paid to Dutch developments with regard to design 
orientations. 
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Most discussions concerning the division of labor focus on the design method that is 
explicitly or implicitly in use to design the production and labor organization. One may 
distinguish two different design orientations as ideal types. The 'fractionized design 
orientation', commonly denoted as 'Taylorism', leads to a maximal division of labor. In 
contrast to the fractionized design orientation, organizations such as 'New Production 
Concepts' (Kern and Schumann, 1984) are said to be emerging, which are characterized 
by a minimum division of labor. This orientation will be called 'integrative design 
orientation'.1 The adjectives 'fractionized' and 'integrative' cover the most essential 
characteristic of both design orientations, namely the fundamental principle concerning the 
assignment of the tasks that have to be carried out in an organization (the Organizational 
task pool') to functions c.q. jobs. Thus, they refer to the extent of the division of labor 
realized. Fractionized designs try to split tasks as much as possible in its constituent 
elements. Functions are to contain as few tasks as possible. In contrast, in integrative 
designs functions consist of many tasks, that belong together according to a certain 
organizing logic. 'Fractionized' and 'integrative' are generic terms or umbrella concepts, 
covering specific design methods. In addition, they can be used independently from 
specific periods, industries and countries. Both design orientations have an ideal-typical 
character, scoring differently on a number of interdependent characteristics, as shown in 
Table 2.1. 
Table 2.1 : Design orientations 
Characteristic 
Job content 
Hierarchy 
Organization structure 
General skill level 
Basis deployability 
I Fractionized Integrative 
I Small Large 
| Steep Flat 
t | Complex Simple 
U Low High 
Ц Unskilled tasks Polyvalenc> 
As shown in Table 2.1 the difference in design orientations has important consequences 
for many organizational characteristics such as job content, the number of hierarchical 
layers and the number of staff departments, which influence the organization's complex­
ity, the skill levels needed, and the basis for the deployability of employees. Compared 
with the integrative organization, the fractionized organization is characterized by 
functions consisting of as little tasks as are necessary to 'fill' a job with respect to its 
quantitative workload. Many hierarchical and supporting functions exist to control the 
primary production processes, and to assist production workers. In other words, the 
division of labor has a horizontal (many hierarchical layers) and a vertical (many 
supporting functions or departments) dimension. As functions consist of only few tasks, 
the skills required to fulfil such functions are few. Especially at the lower levels of such 
organizations, employees' work is unskilled, which means that employees do not need to 
possess formal qualifications to fulfil their functions' task(s). This does not mean that 
such employees may not possess formal qualifications, but only that such qualifications 
Admittedly, the fractionized and integrative design orientation have much in common with existing 
typologies such as Bums and Stalker's (1961) 'mechanistic' and 'organic' systems of management (see Lammers, 
1983, 106-132, for an overview). Existing typologies, however, are often closely associated with specific 
theoretical approaches, in the case of Bums and Stalker, the contingency-approach. By introducing these terms, 
such affiliation is avoided. 
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are not needed to perform the tasks of their functions. 
The point of 'deployability' is generally called 'labor flexibility'. The concept of 
flexibility often remains vague, especially if combined with 'labor' as an input in the 
production processes, and generates much confusion; also because it has a quantitative 
and a qualitative dimension. Deployability is the extent to which employees are able to 
perform a variety of tasks. Many tasks require certain skills, which can be learned by 
employees, but this learning takes a leaming-in period. By creating unskilled or 'every-
body's tasks' (Kern and Schumann, 1984), fractionized organizations can switch 
employees from one unskilled position to the other; the leaming-in period of unskilled 
tasks is zero. In integrative organizations, an alternative strategy to take the 'leaming-in 
hurdle' is pursued: employees are polyvalent, i.e., they possess the necessary qualifica-
tions to handle a variety of skilled as well as unskilled tasks (Benders, 1990). 
The distinction between both design orientations is polar rather than dichotomous. They 
represent extreme positions on a gliding scale instead of two alternative choices, whereby 
one particular choice excludes the other. 
The brief discussion of both design orientations presented above is elaborated in the 
remainder of this section, which deals with their historical evolution. The classical way to 
start such a discussion is to deal with the ideas of Adam Smith. In An Inquiry into the 
Nature and Causes of the Wealth of Nations, Smith mentions the example of pin-making 
to demonstrate the advantages of dividing labor over many employees (1776, 1:7-14). The 
division of labor leads to an increase of production which would otherwise not be 
realized. This economic advantage is due to three factors: 
1 'improvement of the dexterity of the workman'; 'the division of labour, by 
reducing every man's business to one simple operation, and by making this 
operation the sole employment of his life, necessarily increases very much the 
dexterity of the workman' (1776,1:11). 
2 'saving of time [...] commonly lost in passing from one sort of work to another' 
(1776,1:12). 
3 'application of proper machinery' by 'some one or other of those who are employ-
ed in each particular branch of labour should soon find out easier and readier 
methods of performing their own particular work' or by 'the ingenuity of the 
makers of the machines, when to make them became the business of a particular 
trade', respectively, by philosophers (1776,1:13-14). 
The classical point to end any discussion about Smith's contribution has just been 
reached. Lesser known of Smith is the fact, that he explicitly points out, that continuously 
'performing a few simple operations' tends to have negative effects on the vividness of 
the human mind: 'He [...] generally becomes as stupid and ignorant as it is possible for a 
human creature to become' (1776, 11:303). Smith considers this as inevitable: 'in every 
improved and civilized society this is the state into which the labouring poor, that is, the 
great body of people, must necessarily fall, unless government takes some pains to 
prevent it' (1776, 11:303). 
Smith was by no means the first to note economic advantages to be achieved by the 
division of labor. According to Haney (1936, 208) the French Physiocrat de Mandeville 
'was perhaps the first to use the words "divided" and "division" in' connection with 
labor. As early as the fourth century B.C. the Greek general Xenophoon made reference 
of shoemakers being specialized in men and women shoes, which was possible because 
market size allowed it (Marx, 1867, 352). Plato regarded a certain division of labor as 
'natural'. Another scholar who discussed the division of labor before Adam Smith is Sir 
William Petty (1623-1687). Petty describes this phenomenon, without naming it however. 
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He gives examples in which 'each Manufacture will be divided into as many parts as 
possible, whereby the Work of each Artisan will be simple and easie' so it was possible 
to produce more cheaply (Routh, 1989, 37). Marx (1867, 334) mentions several authors 
before 1750 who explicitly noted the importance of the reduction of labor time for 
production. Despite these predecessors, Smith is generally accredited for recognizing the 
importance of the division of labor and systematically describing (some of) its elements. 
Routh even states: 'Adam Smith takes Petty's idea (without acknowledgement), calls it the 
division of labour, and makes it the foundation for the growth of wealth' (1989, 85). 
In 1832, Charles Babbage published the first edition of a book On the Economy of 
Machinery and Manufacturing, in which his experiences were summarized. According to 
him, the principles stated by previous 'writers on Political Economy' have to be supple-
mented. He mentions the following principles: 
1 The time required for learning depends on the difficulty of the execution of tasks 
as well as on the number of tasks to be learned. 
2 During this learning process, materials are wasted. By restricting the number of 
tasks to be learned by a person, less waste will occur and the price of production 
is diminished. 
3 The division of labor leads to the saving of time, which otherwise would have 
gone lost due to changing of occupations. 
4 Change of tools leads to a loss of productive time. 
5 Skills are acquired by frequent repetition of the same process. 
6 The whole attention of an individual performing a task is likely to result in the 
development of new and improved tools, and, ultimately, of machines (1835, 169-
175). 
After quoting Smith's principles as stated above, Babbage points to the 'most important 
and influential cause [...] altogether unnoticed', namely: 'That the master manufacturer, 
by dividing the work to be executed into different processes, each requiring different 
degrees of skill or of force, can purchase exactly the precise quantity of both which is 
necessary for each process; whereas, if the whole work were executed by one workman, 
that person must possess sufficient skill to perform the most difficult, and sufficient 
strength to execute the most laborious into which the art is divided' (1835, 175-176). The 
principle of splitting work according to the skill levels needed to perform the different 
tasks of which the work is composed, has later become known as the 'Babbage-principle'. 
Babbage's work was probably a contemporary summary of the state-of-the-art with 
respect to job design. His views are clearly fractionized. He points to many aspects which 
are still considered to be important aspects of organizational performance such as set-up 
times, leaming-in periods and the coupling between wages and qualifications. Judging 
from the fact that his book saw its third reprint within three years, it was probably 
popular at the time. Furthermore, in his book he makes reference to the Italian writer 
Gioja, who had published a book Nuovo Prospetto delle Scienze Economiche with similar 
ideas in 1815, of which fact Babbage was unaware until after the completion of his own 
manuscript. Babbage even thought it 'probable that additional research would enable me 
to trace of the other principles, which I had thought original, to previous writers' 
(1835, iv). Obviously, similar fractionized design methods were being used and developed 
simultaneously in different regions. Examples include the Polish-French scholar Skarbek 
{Théories des Richesses Sociales', 1829), the Russian-German economist Storch (Cours 
d'Economie Politique; 1815) and the English writer Ure (Philosophy of Manufacturers; 
1835). 
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Another contributor to the debate around the division of labor put the matter into a totally 
different perspective. Based on an extensive review of literature, both of a theoretical 
nature as well as reports on the situation of workers in actual factories, Karl Marx 
formulated an influential societal theory which was echoed both in practice as well as in 
social sciences (he can be seen the father of radicalism; see section 1.1). In Das Kapital a 
vast number of topics is discussed, among which the division of labor (1867, 323-354). 
Marx explicitly mentions the economic advantages of the internal division of labor, but 
having a sympathy for 'workers' instead of 'capitalists', Marx sharply criticizes capitalist 
production processes ('manufactures'). He observed that many different groups of 
workers were formed, both skilled and unskilled, and addresses his critique to the 
presumably widely existing unskilled jobs, although it must be stated that the major 
element of his work concerns the fact that workers did not own the means of production 
they were working with. Concerning the division of labor, Marx was to become the major 
inspirator for the so-called 'labor process approach' (Kern and Schumann, 1970; 
Bra verman, 1974; Friedman, 1977; Noble, 1978; Thompson, 1989), which analyses the 
division of labor from a Marxist ('critical') point of view. 
The name of the American engineer Frederick Winslow Taylor (1856-1915) is the source 
of the adjective 'Tayloristic' and the noun 'Taylorism'. Taylorism is often used to denote 
either the fractionized design orientation in general or, be it probably in a minority of 
cases, the specific fractionized design method developed by Taylor. Taylor's works are 
clearly unitary, as demonstrated by the following quote from The Principles of Scientific 
Management: 
'The principal object of management should be the maximum prosperity for the 
employer, coupled with the maximum prosperity for each employé. [...] The 
majority of these men (JB: employers and employees) believe that the fundamental 
interests of employés and employers are necessarily antagonistic. Scientific 
management, on the contrary, has for its very foundation the firm conviction that 
the true interests of the two are one and the same' (1911, 9-10). 
His book Shop Management (1903), of which 'The Principles of Scientific Management' 
was a popularized version, contains similar clearly unitary statements. 
The basis for Taylor's Scientific Management was his belief that employees, or 'men' in 
his terms, tend to work slower than possible, which in Taylor's view was either caused 
by 'the natural instinct and tendency of men to take it easy, which may be called natural 
soldiering', or by 'more intricate second thought and reasoning caused by their relations 
with other men, which may be called systematic soldiering' (1903, 30). Soldiering lead to 
lower production and to lower wages than could have been realized otherwise. Scientific 
Management was directed toward the elimination of soldiering. It consists of four 
principles (1903, 64-65): 
1 'a large daily task', which was to be 'clearly defined' and 'not easy to accom-
plish', was to be carried out by 'each man in the establishment'. 
2 'standard conditions': 'the workman should be given such standardized conditions 
and appliances as will enable him to accomplish his task with certainty'. 
3 'high pay for success'. 
4 'loss on case of failure'. 
The basic methods to achieve these principles are scientific time study, standardization of 
work methods, and the 'differential reward system'. The first principle, scientific time 
study, is considered to be the most important by Taylor: 'What the writer wishes 
particularly to emphasize is that this whole system rests upon an accurate and scientific 
study of unit times, which is by far the most important element in scientific management' 
(1903, 58). 'Each job should be carefully subdivided into its elementary operations, and 
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each of these unit times should receive the most thorough time study' (1903, 83). For 
every elementary operation a 'quickest time2, in which it can be done by a first-class 
man' (1903, 59), was established by means of time study. The quickest time was used for 
planning purposes by a planning department and as input for the differential reward 
system. In this system, a premium was set for the production above a certain level set by 
time study. Failing to meet this level results in the loss of the premium. 
Scientific Management advocated an extensive separation of the planning of work from its 
execution, which Brodner (1991, 1) sees as the new element of Taylorism: 'There is no 
question that the cost of production is lowered by separating the work of planning and the 
brain work as much as possible from the manual labour' (1903, 121). Work instructions 
for employees had to be established by a planning department, based on 'scientific' 
norms. 'Functional foremanship' had to be introduced in which eight foremen were each 
held responsible for a certain aspect of supervision. This also made the four principles 
applicable lo the level of the foreman. Later, the 'functional foremanship' was to manifest 
itself in the various staff departments, such as organs for production planning, personnel, 
quality control and work preparation. 
The last element of Scientific Management to be discussed here is Taylor's implicit use of 
the Babbage-principle. Frequent statements are made to ensure that individual employees 
should have work fitting their skills: 'the difference between the first-class men and the 
poor ones is quite as great as that between fine dray horses and donkeys' (1903, 189). 
Conclusively, Taylor's Scientific Management is functionalist, unitary and individualistic. 
It is also a bottom-up design method, starting to improve 'shop management' and 
predominantly limiting the discussion of consequences of the prescribed principles for 
those parts of the organization that are directly involved in the implementation of these 
principles. It is a hallmark example of a fractionized design method. Taylor and his many 
followers provided a more systematic approach, which gave this movement momentum 
especially in the United States, and later in Europe, but they did not invent the 
fractionized organization (cfr. van Assen and den Hertog, 1980, 52). It is sometimes 
claimed that Taylor 'was right in the context of his time', i.e. a period when many 
illiterate workers with a non-industrial background and an insufficient command of 
English entered American factories en masse. After a discussion of Taylor's ideas, Locke 
even concluded that 'most of his insights are still valid today' (1982, 23). 
A noteworthy proponent of Scientific Management was Lenin, who advocated its use in 
the Soviet Union. Before the Russian October revolution of 1917, Lenin condemned 
Taylorism, but he changed his strand after the Revolution, because labor productivity had 
to be raised (Lenin 1914 and 1918). Thus, the ownership of the means of production 
rather than the division of labor was seen as the critical factor. 
The merits of Scientific Management as a design method were also, fully or partially, 
contested by contemporary labor unions (Bloemen, 1988) as well as another prominent 
management writer, the French engineer Henri Fayol (1916). In contrast to Taylor c.s., 
Fayol followed a top-down approach. He was concerned with the organizational design 
and the application of management principles, rather than the improvement of shopfloor 
working practices. Fayol formulated fourteen management principles, of which the unity 
of command was one. On this point, Fayol disagreed with Taylor: 'For every employee 
whatsoever, an employee should receive orders from one superior only' (1916, 31). 
Taylor's negation of the unity of command is considered to be 'wrong and dangerous' 
Kuylaars (1951, 52 and 70) refers to page 59 of 'Shop Management' as the place where the well-known 
adage, ascribed to Taylor, of the 'one best way to organize' can be found. As no such statement is made on this 
page, one wonders whether this statement is Taylor's. Probably, it only refers to the 'quickest time to perform a 
job' rather than organization design. 
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(1916, 97), but Fayol agreed with the economic merits of increasing the division of labor 
(1916, 27). 
The German scholar Max Weber (1966) advocated the use of 'bureaucratic organization'. 
Weber's ideal, the 'rational-legal' bureaucracy, is based on rational principles, and exists 
within a formalized legal framework. Key elements include equal treatment for all 
employees, reliance on knowledge which is relevant for a certain position, formalized 
record keeping and standard setting, and binding rules for all organization members, 
which are also enforced (Perrow, 1986, 3). Weber's influence on social theories can 
hardly be underestimated, but as he did not develop a specific design method, the impact 
of his thoughts seems to have been indirect. Furthermore, the rational-legal bureaucracy 
was not a concept invented by Weber, but more the clustering of a number of existing 
practices in an ideal-typical organization concept. 
Before proceeding, three conclusions about the historical development of design orienta-
tions concerning the division of labor until approximately the beginning of the second 
world war can be drawn. 
Firstly, the internal division of labor is as old as the phenomenon Organization' itself. Its 
origins most likely have to be sought in prehistoric times, and its importance was 
recognized early in human history. More or less concise methods of prescribing a certain 
level of the division of labor and forms of organizational structures were developed and 
implemented. This development took place in several countries, in which organizational 
and industrial structures were developing within specific societal contexts. Although some 
exceptions are known, these methods were generally directed toward an increase of the 
division of labor and can be categorized as fractionized. These methods evolved over 
time, and there were disputes among their adherents, but their common denominator is 
their impact on organizational design and the division of labor in contemporary as well as 
present organizations. The word 'Tayloristic' does not seem appropriate to describe 
fractionized design attitudes. Taylorism is only one specific design method out of a broad 
range of fractionized methods. 
Secondly, intellectual thoughts concerning the division of labor have gradually developed 
from casual observations and descriptions, often concerning a limited number of aspects 
(Xenophoon), via the realization of its existence (de Mandeville) and first analyses 
concerning its drives (Smith), to detailed analyses, resulting in more or less precise 
prescriptive methods (Babbage, Taylor, Fayol). This development not only lead to more 
detailed methods, these methods seem to have led to increasingly fractionized jobs. 
Thirdly, this development was by no means an automatic and smooth process. The 
process itself was a trial-and-error process, and it was met by (sometimes fierce) 
resistance from employees and their representatives or sympathizers (Marx). The 
economic advantages of fractionized organizations throughout history have been such a 
strong and influential drive that their development was stimulated rather than hindered. 
Increasing organizational sizes probably formed an important stimulant: economies of 
scale were to be achieved by larger organizations. The internal division of labor was 
influenced in at least two ways by the increase of organizational size: more opportunities 
to increase the division of labor are created, and were used, which called for more 
complex, generally formalized and standardized, coordination measures. 
The diffusion and application of such ideas was and still is a process that proceeds 
slowly. An example of this is given by Langton (1984), who describes the rise of 
Wedgwood's earthenware factory in the eighteenth century. During several decades 
Wedgwood managed to gradually implement several organizational or bureaucratic 
measures in his factory. 
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Given this long historical development of fractionized design methods, as well as their 
economic successes, it is no surprise that their impact still seems to be overwhelming. 
However, their disadvantages have also been spelled out (Lammers, 1983; Wexley and 
Yukl, 1984, 278-279; Morgan, 1986, 33-38), which resulted in the development of 
integrative design methods. Criticisms on the fractionized design orientation are motivated 
by organizational or social concerns, and can roughly be divided into three partially 
overlapping categories, namely: 
1 Coordination problems within organizations. 
2 Organizational inertia. 
3 Negative consequences on human attitudes and behavior. 
All of these categories are relevant from an organizational point of view, but problems in 
the last category have also been criticized from a purely social standpoint. Depending on 
the circumstances, these problems become more or less pressing. 
The first category, coordination problems, points to the reverse side of the 'division of 
labor'- medal. Dividing tasks over many functions automatically implies that the tasks 
have to be coordinated. Manifestations of coordination problems are manifold. Balancing 
the capacities of individual work stations in an assembly line and project management are 
both questions of coordination. Fractionizing labor calls for a high need for coordination. 
The more persons involved, the more difficult the task of coordination. If many persons 
are assigned a small part of the lolal process, it may become hard to see who is respon-
sible for what part, which makes the process intransparent and therefore hard to control. 
Typical measures to ease coordination are standardization, formalization and 
bureaucratization. Such measures are often thought necessary when organizations get 
more complex as they grow. 
The second category of problems has to do with organizational change. Measures taken to 
facilitate coordination tend to lead to a rigidity, or inability ('inertia') to change. 
Organization members get used to certain procedures and ways of working, which makes 
it harder to change. Vested interest may also play a role. The ability to innovate may be 
negatively affected, which becomes especially pressing when there is a high need for 
change. 
The third category concerns consequences on human attitudes and behavior. Fractionized 
organizations are characterized by deskilled jobs on lower hierarchical levels. Often, a 
short training period suffices to perform jobs which are often monotonous. Low commit-
ment, low satisfaction and motivation, the absence of innovative ideas, lack of responsi-
bility, alienation, withdrawal behavior, apathy, carelessness, lack of pride and even theft 
of organizational properties are just some elements of a long list of (sometimes overlap-
ping) negative consequences of fractionized organizations on their members' attitudes and 
behavior. Recruitment and motivation problems may result, especially in case of person-
nel shortages. These attitudes can be seen as organizational disadvantages, but also as 
negative social consequences per se. In this case, the perspective of analysis is not the 
organization, but the individual employees within the organization. Objections against 
these social consequences are often motivated by humanistic concerns rather than by 
organizational motives. As both employees and organizations may benefit from measures 
to reduce the division of labor by applying an integrative design method, the achievement 
of mutual benefits may serve as a powerful argument to use such method. Note, however, 
that the achievement of mutual benefits has also been used by Taylor, be it that the 
employee's advantage of Scientific Management was a higher salary or a broader job 
content in case of integrative design methods. In this way, both Taylor's presentation of 
Scientific Management and the claimed advantages of integrative design methods are 
unitary. 
The distinction between organizational and social disadvantages is of crucial importance 
16 
for the development and use of measures to counteract these disadvantages. Humanistic 
inspired programs such as the German program Humanisierung des Arbeitslebens and the 
French program Amélioration des Conditions des Travail can be seen as a reaction to the 
degrading effect of the presumably dominant fractionized design orientation on blue collar 
jobs (Lane, 1989). Other integrative design methods emphasize organizational advantages. 
Another point that deserves attention is the use of stereotypical portrayals, often by using 
metaphors (Morgan, 1986), of fractionized and integrative organizations. By using certain 
images, attention is selectively drawn to some aspects of the organization, thereby 
simultaneously neglecting other aspects. For instance, fractionized organizations are 
portrayed either as smoothly operating machines, sharply contrasting with the chaotic 
functioning of integrative organizations. For both categories, the problems discussed tend 
to become more pressing under certain circumstances, which will be dealt with further on 
in this chapter. 
Before proceeding to a discussion of Dutch developments in the field of integrative design 
methods, attention is paid to some influential international developments. While 
fractionized design orientations are older than Taylorism, 'modern' integrative approaches 
also date back a considerable period. Although Herzberg et alii's (1959) influential, yet 
heavily criticized two-factor theory is sometimes credited for approaches as job rotation, 
job enlargement, and job enrichment (f.i. van Assen and den Hertog, 1980, 57), these 
terms were used by earlier authors as well. Walker (1950, 54-58) uses 'enriching jobs' 
and 'job enlargement' to describe experiments at IBM's Endicott plant which started in 
1943. The British 'Industrial Fatigue Research Board' published its first report in 1924, in 
which several forms of job rotation were demonstrated to raise productivity by 20 percent 
(Kuipers and van Amelsvoort, 1990, 255). The term is also used later by Walker and 
Guest (1952, 148). In the 1930s, experiments with job rotation were conducted in 
Germany (Kuylaars, 1951, 203-2O4)3. These earliest developments found few followers, 
and are now practically forgotten. Yet, later approaches seem to have been more 
successful. The first sociotechnical experiments were conducted in the United Kingdom 
(Trist and Bam forth, 1951), job design was introduced in the United States in 1955 
(Davis, 1976, 29), and job rotation, enlargement and enrichment came to play a more 
important role under influence of Maslow, Argyris (1957, 177-185), Drucker (1954, 289-
310), and Herzberg. Hackman and Oldham (1980) concentrated on the design of 
individual jobs, whereas Schumacher's approach is geared to the organization structure. A 
distinction can be made between methods aimed at individual jobs, and those concerned 
with the more encompassing organization design. Examples include job enrichment, job 
enlargement, and task structuring (work design), and sociotechnical design and Schu-
macher's method (organization design). 
The importance of both design orientations differs among countries (Lane, 1989), 
industries and historical periods. As this study concerns the Netherlands, attention is paid 
to Dutch developments in the field of design orientations. It will be clear from the 
preceding remarks, however, that the Netherlands by no means have a monopoly in the 
development of integrative design methods. As is shown in the following, Dutch develop-
ments were influenced by international work. 
Work in groups, 'Gruppenarbeit', was promoted as early as 1922 in Germany, but wa* (till character-
ized by a high division of labor (Sydow, 1985). 
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Dutch developments 
The history of 'new' work organizations in the Netherlands is substantial. In their review 
article, van Hoof and Huiskamp (1989) start the discussion at the beginning of the 1960s, 
which marks the approximate beginning of more lasting developments. In the following a 
perhaps somewhat arbitrary distinction is made between sociotechnical theories and other 
integrative design methods. After a brief description of pre-war experiences, attention is 
paid to several integrative design methods, namely to work structuring, to a number of 
experiments which are hard to categorize, and to the development of sociotechnical 
theories in the Netherlands since 1960. 
Bloemen (1988) studied the impact of Scientific Management in the Netherlands from 
1900 until 1930. He concludes that the process of splitting tasks was already in full swing 
before Taylor's ideas began to be implemented. Especially piece-rate reward systems 
were used which were, next to technical and organizational improvements, a sharper 
control, and the strict division of labor, reasons for productivity growth. His conclusion 
fits well in the idea described above, that fractionized designs were already dominant 
before Taylor's ideas became known. An influential contemporary Dutch author, the 
engineer van der Waerden, discussed Taylorism extensively (1911). He conducted a 
survey in many manufacturing industries on the basis of which he concludes, among 
others, that an increasing division of labor occurs together with continuing mechanization. 
Few skilled jobs remain, and many unskilled jobs have been created. He explicitly points 
to the increasing profitability of fractionized organizations. In a later work, he seems to 
have adopted a fatalistic attitude towards this trend: 'We do not want to embattle the 
increasing simplification of work [...]; it would be Utopian' (1916, 72). As human 
development can no longer be found at the workspot, working time reduction should 
provide employees ample time to allow for 'spiritual elevation'. Nevertheless, several 
approaches giving explicit attention to the human factor in production existed in the pre-
war period, most notably among them Delft-based engineers (Buitelaar, 1991). 
After the second World War, Kuylaars (1951) expresses his concerns about 'mentally 
drained' labor, the result of applying fractionized design principles. Using data on 
employment in Dutch manufacturing in 1949, he concludes that 25 percent of all 
employees perform tasks which require no schooling at all, while 45 percent have jobs 
only requiring a short leaming-in period. Only 30 percent of employees in manufacturing 
performed skilled labor at the time. Despite this attention to dysfunctional aspects of 
fractionized designs, the use of Taylorisme principles was still propagated after 1950 by 
Ydo, a management consultant and founder of one of the larger Dutch consulting firms 
(Koch, 1988). His plea seems to have been successful. Dutch economic growth was 
unprecedented in the 1960s. The expanding production capacity was characterized by a 
rapid mechanization process and 'familiar Tayloristic principles of horizontal and vertical 
division of labor, standardization of jobs, and so on' (van Hoof and Huiskamp, 1989, 
156). Shortages on the labor market were solved by recruiting lowly educated immi-
grants, so-called 'guest laborers', mainly from the Mediterranean area. 
In 1960, an experiment was started at a television assembly plant of Philips in Eindhoven 
(van Beek, 1964; van Berkel, 1968). This experiment was motivated by concerns for 
organizational issues, and personnel attitudes and behavior. The basic hypothesis was that 
splitting the long assembly line, which was very sensitive to disturbances, into 'better 
structured' groups (ultimately) consisting of about 20 persons, positively affected both 
employee behavior and the organizational problems. 'The organization of labor, and the 
group size and tasks structure which result from it, proved to be the most important 
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influence on work attitudes' (van Berkel, 1968, 113-114). The positive findings of this 
experiment had an influence on the development of 'work structuring' within Philips, 
which is not be underestimated. The term 'work structuring' was introduced in 1963 
(Fontijne, 1970, 32) and covered a large variety of (piecemeal) changes in the traditional 
fractionized designs. The early experiments in the beginning of the 1960's 'were not 
based on a common philosophy or common policy' (den Hertog, 1979, 150). About 196S 
the importance of work structuring became more officially recognized at the corporate 
level, job design experiments began to flourish and '[gjradually the practical notion 
became more influenced by the theoretical notions and ideas. The theoretical framework 
was eclectic in character; ideas from different schools such as the orthodox job enrich-
ment school, the sociotechnical system approach and organizational development school 
were included', according to den Hertog (1979, 152). By 1968, at least 36 experiments 
had been carried out. In 1972, work structuring within Philips was assessed critically by 
the Philips Central Workers' Council. It was concluded that the movement had scarcely 
gotten off the ground, only involving 3.5 percent of Dutch Philips workers, and were 
often restricted to a small and isolated part of an organization. However, the Council had 
a favorable opinion about the experiments, and recommended 'preventive work struc-
turing', meaning to apply these ideas to the design of new production systems, plants and 
technical systems. In a 1977 article, den Hertog mentions some measures to stimulate 
work structuring after 1972. These measures included central stimulation of work structu-
ring by the concern centre ('social marketing'), an attempt to approach the organization as 
a whole in contrast to the limited scale of former experiments, an increased worker 
participation, and preventive work structuring. This last aspect meant to incorporate work 
structuring into the design of production systems, which is especially relevant in case of 
heavily mechanized work settings. 
Reviewing the Philips experiences with work structuring, Ramondt (1975, 48-76) adopts a 
sceptical position. External economic conditions, namely a tight labor market and 
decreasing sales, led to organizational adaptations, including work structuring. The 
organizational goals were met most of the time, but employees were hardly involved in 
the reorganizations, which were initiated and controlled by management. Despite the facts 
that some 54 experiments had been conducted within Philips (den Hertog, 1975, 107), 
and that repeated efforts were made to revitalize and extend the approach, ultimately the 
movement of work structuring has not taken root (Dankbaar, 1990, 14). According to Pot 
e s . , 'work structuring failed due to single sided interest for quality of working life' 
(1991, 23-24). 
Although work structuring did not have a lasting effect on the development of integrative 
design methods, its value may have been that many experiments were motivated and 
initiated, which generated experience with a 'new' integrative design orientation. At the 
time, the distinction between contemporary sociotechnical work and work structuring was 
vague: de Sitter even called work structuring an 'applied form of sociotechnique' 
(1974a, 65). At that time, the theoretical foundations for Dutch sociotechnical work were 
constructed. The lack of a thorough theoretical approach in work structuring certainly was 
an important factor leading to its decline. 
Other experiments in the 1960s were motivated, or said to be motivated, by humanistic 
concerns. Kuipers (1972) mentions 37 cases of 'task structuring', which he uses as a 
synonym for work structuring. Of these 37 cases, 19 were not situated in the electronics 
industry, which shows a large overlap with Philips. His data were collected between 
September 1969 and August 1971, and refer to task structuring and work consultation. 
Unfortunately, both the description of the data as well as the analysis are superficial. 
However, it shows that experiments with integrated designs were not limited to Philips. 
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The protestant employers union VPCW initiated six experiments among its members. 
These experiments were motivated by 'the thought, that responsibility in its religious/et-
hical meaning is a factor of sufficient importance to justify experiments with a greater 
responsibility' (Ramondt, 1968, 13), rather than by changing business conditions, as was 
the case with work structuring. Ultimately, only two of the six organizations involved 
managed to increase employee responsibility by giving them more control over their own 
work situation. In one organization, the result was not lasting while in the remaining three 
cases the reform attempts were stopped within a few months. Overall, the results were 
disappointing, both from the organizational as from the ideological point of view. 'The 
process has a sobering effect on those, who expect that idealistic motives - more humane 
work relations - as such can induce organizational change' (Ramondt, 1974, 110). 
Ramondt (1974, 76-79) also describes an experiment at the Pernis oil refinery of 
Chevron. In several departments, namely production, administration and maintenance, 
more tasks of different natures were added to functions. Management reported favorable 
results with respect to productivity, organizational transparency and absenteeism. Staff 
was cut back by 49 percent. The experiment was said to be motivated by McGregor's 
theory X and theory Y, but Ramondt dismisses this idea as a social desirable, ex post 
legitimation of a reorganization, and motivated by economic concerns. 
The experiments in the 1960s remained limited to specific parts of organizations and to 
specific branches. Judged from the point of industrial democracy, the results were 
limited: 'Only the creation of (semi-)autonomous groups (and to an ever more limited 
degree, job enrichment) contributed to a greater influence of workers on their own work. 
However, this autonomy was generally exercised within strict limits. Experiments with 
autonomous groups, moreover, rather were the exception than the rule' (van Hoof and 
Huiskamp, 1989, 158). The main lesson was that job design should be part of a larger 
scale process of organizational development, especially with regard to the question how to 
achieve cooperation for and avoid resistance to the intended changes. 
In the 1970s, the buzz words were 'quality of work' (or: 'quality of working life'), and 
'humanization of work'. The debate focused more than ever on job content, job require-
ments and working conditions (van Hoof and Huiskamp, 1989, 159). Summarizing 
projects in this decade, they conclude that management interest in new forms of work 
organization increased, but remained selective. The approaches used meant to mitigate the 
effects of organization structures, which were products of fractionized designs. Projects 
tended to be small-scale, and were generally initiated by management. Huijgen (1984, 13-
14) reports on substantial difficulties finding organizations using an active policy with 
respect to organizational redesign. Out of 300 firms in branches known to make extensive 
use of unskilled labor, only two had developed a policy the researchers considered to be 
favorable. Huijgen sees this as a confirmation of the widespread use of fractionized 
designs in the Netherlands around 1980. However, in this period interesting theoretical, 
and field research on a limited scale was done in the field of sociotechnical systems 
design, as the foundations for the Dutch branch of sociotechnical systems design were 
being laid. 
Remarkably enough, the cradle of Dutch sociotechnical experiments was in a service 
industry (Buitelaar, 1989, 75). The first Dutch field experiment was carried out in 1965 
in an organization, clearing large numbers of cheques (van Beinum, van Gils and 
Verhagen, 1968). It was influenced by sociotechnical theories, and conducted with 
involvement of the Tavistock Institute. An important reason for conducting the experiment 
was the tight labor market. Experiments in the same organization had been carried out by 
van Beinum (1963), but these experiments hardly influenced the organization of labor. 
'Joint optimization' of the technical and social system were assumed to lead to the most 
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effective organization. The old organization was characterized by individual, independent 
and homogeneous tasks, and (ask specialization. Employees were not able to take over 
each other's work, and close supervision was felt to be necessary. Four changes were 
implemented: group tasks, task variation, promoting the knowledge about work coheren­
ce, and giving more responsibility (see Table 2.2). 
Table 2.2 : Summary of field experiment in cheque clearing department 
Old system 
Simple individual tasks 
Complex organization 
External control 
New system 
Complex task groups 
Simple organization 
Internal control 
Source : van Beinum, van Gils and Verhagen, 1968, ρ 46 
The results were that job satisfaction, work morale, and productivity increased. It remains 
unclear whether the rising productivity can be attributed to the experiment, as only one 
(out of two) of the control groups showed a similar development. 
Allegro's study (1973) in a textile mill is influenced by sociotechnical work and by 
organizational development. After discussing the content of sociotechnical reforms, 
Allegro criticizes, among other things, the neglect of the process of organizational change 
of the contemporary sociotechnical systems theory. After two-and-a-half years, 40 
employees performed '[s]mall group tasks for 2 persons [...] which had the characteristics 
of an autonomous group task.' Productivity had not decreased, employee involvement had 
increased, and absenteeism had decreased. These changes were attributed to new 
personnel and to the new organizational policy. 'However, the most important result 
seemed to be that the organization is actively involved in a learning process' (Allegro, 
1973, 210). 
Later, Allegro and his co-author Kanters (1975) again stressed the importance of the 
change process rather than structural variables. In laboratory experiments, they found 
little evidence for the existence of a (positive) relationship between the perceived degree 
of enrichment and intrinsic work satisfaction, involvement, and quality of working life. 
Indications for such a relationship were only revealed if process variables were taken into 
account. 
Besides some more scattered field projects, important theoretical work was done by de 
Sitter and his associates at Eindhoven University of Technology (de Sitter 1974a and 
1974b; Van der Zwaan et al., 1974; van der Zwaan, 1975). The lack of a sound 
theoretical foundation was felt to hinder the development of sociotechnical work, and was 
seen as an explanation for the stagnation of the sociotechnical developments at the British 
Tavistock Institute. Thus, a theoretical, and therefore transferable, systematic approach 
had to be developed. At the time, de Sitter called work structuring 'an applied form of 
sociotechnology' (1974a, 65), which is logical given the contemporary lack of a theoreti­
cal foundation. Sociotechniek is defined as: 
'the study and explanation of the manner in which both the technical instru­
mentation and the division of labor are related to environmental conditions and the 
operation, capacity and output of production systems, as well as the application of 
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this analytical insight into the design of production systems' (de Sitter, 1974a, 81). 
Important items in this early theoretical work include the emphasis on the intercon-
nectedness of the production process, division of labor and the technical instrumentation. 
The production system is aimed at producing output, for which norms exist. It functions 
in a dynamic environment, which may lead to organizational changes. This has conse-
quences for process regulation. The control capacity to regulate a process is a vital 
element in Dutch sociotechnical thinking. The control structure has to be a part of the 
system it aims to control. 
The same reasoning is also applied to an important system element, namely job content. 
Employees need to be able to solve deviations of standard situations, such as distur-
bances, independently. To do this, employees need to possess control capacity, i.e. 
controlling tasks necessary to perform the executing tasks assigned to them (cfr. 'job 
enrichment'). Later, Karasek's study (1979) on the relationship between job decision 
latitude and job demands on the one hand, and employee well-being on the other hand, 
confirmed the relationship between objective job characteristics, and the employee's 
health complaints c.q. stress indicators (higher job decision latitude in relationship with 
higher job demands correlate negatively with the occurrence of health complaints). De 
Sitter's hallmark study 'On the Road toward New Factories and Offices' (1981) brought 
the approach to the attention of a large public, and can be seen as a catalyst for the 
development of Dutch sociotechnical thinking. In it, extensive use was made of Swedish 
experiences. 
Terms such as 'sociotechnical systems design' and 'sociotechnology' cover a broad range 
of approaches. Van Eijnatten (1991) even distinguishes four different generations of 
sociotechnical thinking. Much of the work outside the Netherlands stresses the participa-
tion of employees in systems design, whereas most Dutch work emphasizes the use of 
specified design rules, and can be labled as 'an expert approach'. Currently, the most 
important design method is 'modem sociotechnology', MST (de Sitter, 1989). Its 
importance is also acknowledged by a former foreman of work structuring. Reviewing a 
report about a 'radical application of sociotechnical systems by design' by Digital Equip-
ment in Scotland, den Hertog notes, that the case 'adds little to our knowledge of the 
structural side of organization renewal. [...] one has to start with the redefinition of the 
production structure' (1991, 143). Obviously, the former 'eclectic' approach has been 
abandoned by den Hertog in favor of MST. 
Although the approach is quite complex and several more or less detailed variants are 
applied (Buyse, 1987; van Eijnatten, 1985; Groep Sociotechniek, 1986; Kuipers and van 
Amelsvoort, 1990; Pol et al., 1991), an attempt is made to sketch its major principles, 
based on an summarizing publication by de Sitter (1989; also see de Sitter and den 
Hertog, 1990). MST involves a number of steps, aimed at certain design parameters. 
Although attention to employee participation is present, these prescribed steps need to be 
followed more or less strictly. The first step is 'parallellization of the production 
structure', which refers to the clustering of products into groups. The aim is to reduce the 
variety of product flows by creating independent parallel flows preferably corresponding 
to market combinations. The design process of MST thus starts top-down. 
The second step involves the 'segmentation of the production structure'. The operations 
necessary to make the product groups are clustered into segments, based on the reduction 
of interfaces between the segments. By also assigning all supportive and preparatory 
tasks, such as planning, maintenance and planning, the number of interfaces is further 
reduced, and the segments can function (relatively) independently from other segments. In 
the third step, so called 'whole task-groups' are formed, which are to carry out all tasks 
within a certain segment. In the ideal situation, all group members ought to be capable of 
fulfilling all possibly occurring tasks. 
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The next step involves the design of the control structure. The reduction of the number of 
interfaces in the previous steps leads to a reduced need for control, as it is no longer 
necessary to manage a substantial number of interfaces. The remaining control functions 
are assigned to the whole task-groups, which enables these groups to handle problems 
themselves, as far as such problems can be solved without consequences for other groups. 
The control structure is designed bottom-up, assigning control tasks as low as possible in 
the organization. The same approach is used for the design of individual jobs. MST 
considers job content as the most important element of the 'quality of working life', 
although job content is acknowledged to have consequences for the internal labor 
relations. Following the system theoretical framework, a job ought to consist of executing 
tasks as well as those controlling tasks, that are relevant for the execution of the execut-
ing tasks. The individual must have sufficient job decision latitude to make decisions 
concerning his own work process. Furthermore, there must be sufficient variation in the 
task structure of jobs. The approach is considered to be Objective', i.e., high quality jobs 
can be designed following design rules. The job holder's 'subjective' view is not taken 
into consideration. 
Another element that merits attention in MST, are the differences between MST and 
earlier sociotechnical theories. An important claim of MST is, that it is aimed at an 
'integral design', which means taking all aspects which are relevant for the new organiz-
ation design into account simultaneously, instead of focusing on one certain aspect. Rather 
than focusing on the improvement of jobs characterized by low work content, MST sees 
the traditional fractionized organization as the root of problems with respect to organizati-
onal functioning as well as work content. Although the approach may have been and still 
is advocated in the first place because of the resulting improved jobs (Pot et al., 1991), 
its goal is broader than just the 'quality of working life'. MST's goal is organizational 
design, of which job design is a part. 
In the Netherlands, MST is flourishing, at least at academic and research institutions. 
Many consulting firms make use of MST as well, and several publications of the Labour 
Inspectorate, which is a part of the Ministry of Social Affairs and Employment, stimulate 
its use (Projectgroep WEBA, 1989; Pot et al., 1991; Peeters and Pot, 1991). Neverthe-
less, a multitude of hiatuses is felt to exist. The MST approach has hardly paid attention 
to supportive functions such as personnel management and accounting, and specific 
requirements with regard to suitable technical systems in the fields of manufacturing, 
production planning and control, and information systems. The process of organizational 
change is another area which needs more attention. The 'objective' approach to job 
content is not uncontested, and has been supplemented by adding additional criteria 
(Projectgroep WEBA, 1989). 
As with other design methods, the impact of MST on Dutch design practice remains 
unclear. The rising number of cases using this method wholly or partially, which are 
reported in the literature (Kuipers and van Amelsvoort, 1990) seems to point to its 
increasing acceptance, predominantly in manufacturing industries. The effects of 'autono-
mous task groups' in thirteen organizations have been studied (COB\SER, 1990). Nine of 
these task groups are situated in manufacturing industries. According to den Hertog, 'it 
proved to be extremely difficult to find a sufficient number of innovating companies' 
(1990, 126) for this study. More precisely, almost one hundred organizations were 
approached. In 'many cases', there was no experience with task groups. The COB\SER-
study is in its terminology clearly influenced by MST, but fails to distinguish between the 
application of task groups as a result of MST and other uses of task groups, although in 
all thirteen cases a 'flow oriented production structure' was implemented. Furthermore, 
job enlargement, job rotation and job enrichment are reported to have occurred, but the 
effects of these different forms are not reported. These are serious flaws as far as the 
23 
specific effects of MST are concerned. However, considering any implementation of task 
groups as a move towards integrative designs, the study does provide some interesting 
results. 
In the first place, in eleven cases the reorganization was motivated by economic concerns 
such as lowering unit costs, improving quality, and shortening delivery times. There were 
two cases in which 'issues of personnel and organization, namely 'reduction of absentee-
ism and improvement of the quality of working life', were prime motivators. However, a 
drive to reduce absenteeism is probably motivated by economic rather than humanistic 
concerns. Furthermore, it was not even realized in all organizations that the introduction 
of task groups would have consequences for the quality of working life. Given these 
findings, little doubt can exist about the importance of economic motivations for these 
moves towards integrative organizations. Despite this, the quality of working life 
improved in all but one case. This was measured by taking into account criteria with 
respect to the 'completeness' of a job, the presence of regulating tasks, possibilities to 
make contacts, autonomy and complexity. Furthermore, almost no employee expressed a 
desire to return to the previous situation. These results fit well with the sociotechnical 
claim, that the extreme division of labor is the root of problems with the quality of 
working life as well as organizational functioning. 
Conclusions and discussion 
Organization and job design are core items for economic performance. Both fractionized 
and integrative organization designs have been attributed superior qualities, be it in 
different periods and by different authors. Where the economic superiority of fractionized 
designs went uncriticized for centuries, they have been under attack for several decades 
now. Despite the negative features ascribed to them, the fractionized design still seems to 
dominate organization and job design. If so, the arguments for an integrative design have 
not (yet ?) been sufficiently convincing, or put differently: integrative organizations have 
not been able to economically outperform fractionized ones. Repeatedly, integrative 
experiments were cancelled, which does not make sense from an economic point of view 
if they really showed a favorable economic performance. This leads one to adopt a 
sceptical attitude toward the claimed economic advantages of the integrative design. 
Stubborn managerial conservatism to stick to fractionized designs is not a sufficient 
explanation for their persistence, if this conservatism lacks an economic foundation. 
As shown above, the field of organization and job design suffers from a lack of historical 
reflection. Given the close ties between the success of a specific design method, and the 
monetary and non-monetary interests of their proponents, it is easily understandable that 
the field is vulnerable to fashions, whereby a specific design method is claimed to be 
unique and new. As a science, however, organization and job design would be helped by 
an inventarization of the advantages and disadvantages of both designs as objectively as 
possible. Such inventarization will enable a more conscious choice for a specific design. 
Undoubtedly, it will be severely hampered by the fact that integrative designs are 
desirable from a humanistic point of view. However, humanistic concerns seldom prove 
to be sufficient for the implementation of integrative designs: they have to be supple-
mented by economic motives. In this respect, the proven economic advantages of the 
fractionized design, which probably are recognized in practice, also have to be acknowl-
edged. Combined with the substantial difficulties in demonstrating the economic benefits 
of integrative designs (Hopwood, 1979), this may be a further obstacle for integrative 
designs. On the other hand, changing environmental conditions may stimulate the 
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adoption of integrative designs, as will be discussed in the sections 2.3 and 2.4. 
But this verdict may be too harsh. Based on large-scale research in the German chemical, 
machine-building, and automotive industry, Kern and Schumann signalled a tendency 
toward more integrated organizations in these branches in 1984, prophetically called 'The 
End of the Division of Labor?'. In follow-up research, this tendency is confirmed (see the 
post scriptum of the 1990 edition of their book and Schumann et alii, 1990). Yet, when 
Dankbaar discussed Kern and Schumann's work together with other integrative scenario's 
such as Piore and Sabel's and de Sitter's, he adopted a critical position. These authors 
imply a reversal of the trend toward an increasing division of labor, as it is in the interest 
of management. But they are 'too much future-oriented, too speculative with too little 
empirical support for their positions, and, finally, too optimistic' (Dankbaar, 1988, 30). 
Furthermore, descriptive and prescriptive opinions mingle, and the generalizability of the 
suggested trend to other branches and countries is questionable at best. Research on a 
broader, preferably statistical and longitudinal scale is needed to find out whether or not 
fractionized organization designs are abandoned in favor of integrative ones. Schumann et 
alii report on such follow-up research (1990). 
On the other hand, the refinement of the fractionized design has taken several centuries at 
least. Although especially social disadvantages of the fractionized design were signalled at 
least as early as 1776, doubts about their economic superiority date back not more than 
70 years. As happened with fractionized design methods, integrative designs are in the 
process of slowly being refined and improved. It can not be expected that they are 
implemented on a large scale overnight, and ultimately, they ought to be based on a solid 
theoretical and empirically validated approach. The Dutch post-war attention for integra-
tive designs, with MST as the current state-of-the-art, is just one illustration of the 
arduous work toward 'the end of the division of labor'. 
2.2 Technical systems 
Numerous studies concerning the influence of the introduction of a specific technology on 
the division of labor have been, are, and will be conducted. As the underlying study 
belongs to this category of studies, attention will have to paid to 'technology' in general. 
The central question in this section is to what extent technology influences the division of 
labor within organizations. An answer to this question is given by discussing various 
notions of the concept 'technological determinism'. 
A popular way for opponents of technological determinism to start their discussions is by 
elaborating on this concept, as in the following example: 
'In order to form a new understanding of the relationship of technology to 
organization and job structure, the existing dominant appreciation needs to be 
made explicit. The present view, carefully nurtured for the last 150 years, is that 
of technological determinism, and it is dangerously simplistic. [...] Technological 
determinism maintains that technology evolves according to its own internally 
derived logic and needs, quite independent of social environment and culture. 
Further, it holds that to use technology effectively and thus secure its benefits for 
society, its development and application must not be inhibited by any consider-
ations other than those determined as relevant by its developers - the engineers or 
technologists. [...] The claim is made that organizational structure and behavior is 
predetermined by technology and is unalterably locked into its needs' (Davis and 
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Taylor, 1976, 379-380). 
The idea behind technological determinism is clear: technology does and should prescribe 
the division of labor within organizations. Its development should not be hindered by non-
technical considerations4. Davis and Taylor seem to see such technological determinism 
as an adequate description of the status quo (in 1976) and it also has a prescriptive 
character. However, it is rather difficult to find outspoken representatives of technological 
determinism. Technological determinism may be a concept used by social scientists to 
denote a technical preoccupation which is often present in designing manufacturing 
systems. As this task is often left to mechanical engineers, who are generally (kept) 
unaware of social design criteria, a technical focus with little or no attention for human 
aspects remains. This does not hold true for ergonomics or human factors engineering 
(Perrow, 1983), but this approach is a far cry from mechanical engineering. Furthermore, 
ergonomics seem to be dominated by an attitude to adapt physical working situations to 
human requirements rather than to change job designs. 
Another interpretation might be that other social scientists are considered to be technolo-
gical determinists (which is an effective strategy to make the accused's writings doubtful). 
Jackson, Morgan and Paolillo (1986, 244): 'The origin of the view that technology 
determines organization is usually assigned to a study by Joan Woodward of manufac-
turing firms in southeast Essex, England, although Woodward herself did not claim a 
causal relationship'. Examples of this practice can be found in Batenburg (1991, 13-16), 
Kieser (1988, 321), Koopman-Iwema (1986, 5) and Miller (1988, 336). Woodward 
herself does not share the view of her being a technological determinist: 'It is not 
suggested that the research proved technology to be the only important variable in 
determining organizational structure' (1965, SO) nor that 'the research produced anything 
approaching a general law about the relationship of technology to organizational behav-
iour', but 'it did suggest, however, that technology [...] is casually related to the 
structural and behaviour variations observed in manufacturing situations' and 'Organiz-
ational structure is the complete product of an unknown number of variables' (1965, 248). 
Although these quotations can hardly be understood or interpreted as technological 
determinism, the relationships between organization structure and technology observed by 
Woodward, were often explained as such. Perrow foresaw this danger. Reviewing 
Woodward's 1965 book he warned: 'the theory can be construed as technological 
determinism* (1967b, 313). 
Before the question whether technological determinism exists can be answered, the 
concept of 'technology' itself needs to be clarified. Child states: 'The term technology is 
employed in almost as many different senses as there are writers on the subject' (1974, 
14). Fry (1982) published an review article of empirical studies on technology, carried 
out between 1965 and 1980. In his article, six different ways to operationalize technology 
were distinguished: 
1 technical complexity (Woodward, 1965). 
2-3 operations technology and operations variability (Aston Group). 
4 interdependence (Thompson). 
5 routine - nonroutine (Perrow, 1967a). 
6 manageability of raw materials (Mohr). 
His conclusion is not surprising: 'Overall, researchers have conceptualized technology 
differently in terms of both its meaning and dimensionality' (1982, 541). Huijgen (1984, 
64-65) adds to Fry's list some other interpretations of technology, all stemming from 
At a societal level, technological determinism generally refers to the latter meaning, while it has the 
firn meaning at the level of organizations, although these meanings overlap. 
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organizational sociology. He makes some important observations about the concept of 
technology as used in organizational sociology. 
Firstly, some interpretations contain elements of the organizational structure, which 
makes it difficult to draw a clear line between technology and characteristics of organiz-
ations. Similar contaminations are found in standard textbooks (see for example: Kast and 
Rosenzweig, 1981, 176; Robbins, 1984, 175). It follows from these conceptions that 
technological determinism in the sense of an overwhelming influence of technology on the 
division of labor and organization structure can not exist without falling into circular 
reasoning. As (elements of) the division of labor, the organization structure itself and\or 
qualifications of organization members on the one hand and technical systems on the other 
hand are considered to be part of the concept of technology, it makes little sense to 
investigate the influence of technology on some element(-s) of technology. 
Secondly, the interpretations and operationalizations of technology tend to be very 
abstract, which may be inevitable when different types of organization, such as schools 
and hospitals, are studied and compared. The often contrasting results of such studies can 
in many cases be attributed to such 'semantic' problems, as Hunt (1971, 108) calls them. 
For the scope of this study, the concept of technical systems as used in industrial 
sociology is more relevant than the broad conceptions, and therefor unnecessarily broad 
definitions, used organizational sociology (cfr. Lammers, 1983, 80-90 and Aldrich, 
1972). Thus, 'technical systems' and 'techniques' will be used, which are more concrete 
concepts than technology. Given the above discussion, however, it is surprising how 
many studies on the influence of a specific technical system on some aspect(-s) of a labor 
situation carry the term 'technology' in their title. Hunt (1971) also chose the relatively 
small concept of technical system. According to Huijgen (1984, 65), this is also the 
common interpretation of technology in popular views. 'The technical system can be 
defined as the collective instruments introduced into the action system, including all 
physical influences which operate in conjunction with members but which are themselves 
systems independent of members' (Hunt, 1971, 100). These technical systems may 
require humans to be operated, but their way of operation is determined by the technical 
systems themselves. These technical systems can be analyzed in three ways: 
1 the degree of choice whether or not to use the technical system. 
2 the technical complexity of the instruments including the number of instruments in 
the process. 
3 the complexity of the technology involved. In Hunt's opinion, technology includes 
energy, tools and machines, materials and inputs, transportation and communicati-
on as well as (organization) members' skills and knowledge (this notion of 
technology fits well in the broad conceptions of technology which were mentioned 
previously). 
Technical systems are assumed to have an important impact on the factor 'labor'. To 
investigate this relationship it is necessary to use these concepts in a way that any 
contamination is eliminated. This is possible by using technical systems rather than 
technology. 
If 'technical system' is the common interpretation of 'technology', one wonders whether 
or not some form of technical determinism exists instead of technological determinism. 
Put differently: to what extent does a specific technical system determine the division of 
labor?. The key to the answer is given by Hunt: 'the instruments may very well need 
members to operate them, but the method of operation is determined by the instrument 
itself (1971, 100). In other words, once a technical system is installed, the tasks that 
have to be performed in order to keep the system running, are determined. As the 
division of labor involves more variables than only the task pool around technical 
systems, the technical system is just one out of a number of variables determining the 
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division of labor. This partial technical determinism is a valid reason to study the 
influence of technical systems on the division of labor as long as it is realized that at the 
same time many other factors also play a role, which is at least equally important. 
As technical systems determine the task pool around themselves, attention has to be paid 
to the design of these systems. By influencing the design, the task pool can also be 
influenced: 'if certain human choices guided the course of its development in the past, 
other choices could steer it in the future' (Noble, 1978, 346). 
Design orientations and technical systems 
In a report 'Strategic Options for "New Production Systems" - CHIM: Computer and 
Human Integrated Manufacturing', edited by Brodner (1987), a distinction is being made 
between two different ways of designing technical systems, namely the technocentric and 
the anthropocentric way. Although the term 'anthropocentric' is used instead of 'human 
centred', the contribution of Corbett (1987, 157-173) in this report clarifies best what the 
difference is between what can be considered as technical design orientations. 
Corbett argues that the historical trend in the design of shopfloor production work has 
been toward the incorporation of human skills into automatic machinery, which he calls 
'human-machine comparability'. Operators are left to perform those tasks, which can not 
yet be automated economically. Typically, these are monitoring and error recovery tasks. 
In this view, the human element of a production system is regarded as a source of 
uncertainty, that ideally has to be eliminated. At the same time, however, the human 
element has to cope with unforeseen events, which makes system performance dependent 
upon the human factor. Despite that, the typical technocentric way to deal with unfores-
een disturbances is to try to predict all possible disturbances, and develop hardware 
and\or software to control them. According to Corbett, the legacy of this technocentric 
approach is as follows: 
'Having fragmented the job of the [...] operator and removed a large part of 
his/her skilled control of the system, the designer then relies on him or her to deal 
with the unforeseen (unprogrammed) disturbances. However, a technical system 
that does not provide the experience out of which operating skills can develop will 
be vulnerable in those circumstances where human intervention becomes necessa-
ry· (Corbett, 1987, 161). 
Following Bainbridge (1983), Corbett calls this one of the 'ironies of automation', but 
'independency paradox' may cover the phenomenon better. This independency paradox 
can be dissolved by adopting the anthropocentric idea of 'human-machine complementari-
ty', i.e. humans and machines both have their own advantages and disadvantages, which 
can complement each other. Machines can process and analyze (standard) data quickly, 
while humans are strong in pattern recognition, synthesis and intuitive reasoning. 
An additional problem with technocentric designs is that they often require skills, that are 
unrelated to existing skills, which leads to training and utilization problems. Anthropocen-
tric designs have to take skill requirements into account, which is possible as choices can 
be made regarding the allocation of tasks to the technical and human subsystems. 
Furthermore, attention has to be paid to control and informational characteristics of the 
human-machine interface, which is a typical subject of ergonomics. 
Examples of human centred systems include the Scandinavian UTOPIA project in the 
graphic industry, and the UMIST project on human-centred software for a CNC-lathe, 
which was later funded by the European ESPRIT program (Corbett, 1987, 169-170), and 
amounted in a larger scale project also involving computer-aided design and production 
planning (Murphy, 1989; Gottschalch, 1990). 
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Table 2.3 summarizes some differences between both technical design orientations. 
Table 2.3 : Technical design orientations 
Allocation of functions 
Control characteristics 
human-machine inter­
face 
Technocentrism 
Elimination of humans 
Comparability 
Rigid 
Computer in control by 
pre-programmed actions 
Humans to monitor 
Anthropocentrism 
Utilization of human skills 
Complementarity 
Flexible 
Human in control through 
human skills 
Decision support by computer 
Source : Adapted from Corbett, 1987, ρ 167 
The use of human centred systems involves more than just user-friendliness. However, 
user-friendliness can be an important aspect of human-centred systems. According to 
Brödner (1991, 10-15), the traditional abstract programming methods and editing devices 
are not compatible with the way skilled workers think and work. Therefore, some 
alternative programming methods ('WOP = Werkstattorientiertes Programmierverfahren'; 
'Shopfloor Oriented Programming') have been developed, which allow skilled workers to 
use their situational and manufacturing knowledge, as well as their planning capabilities. 
Typical elements of these methods are a database of preprogrammed forms such as 
geometric modules and cutting cycles; programs can be written by combining modules 
stored in the database, and setting parameters. Other elements include a tool database and 
graphic, real-time simulation. Brödner states that workers with no previous programming 
experience were able to deal with this way of programming after a five-day learning 
period. This example is important in that it points to the fact that diverging skill require-
ments may be a reason to opt for fractionized jobs, i.e. a separate machine operator and 
programmer. However, bringing programming skills in line with the skills possessed by 
traditional workers is by no means a guarantee for the occurrence of integrated jobs. 
Analyzing the difference in freedom of choice between a stand-alone machine and the 
design of larger production systems such as assembly lines, one will find that the extent 
to which the technical design influences choices with respect to the division of labor 
varies. Compared with stand-alone equipment, once designed (and constructed) more 
complex (measured by the number of elements, and their interconnections) production 
systems, allow less degrees of freedom, especially if work stations occupied by humans 
are included in the design of the production system. It is likely that complex production 
systems are not bought 'off-the-shelf, but are designed by project groups mainly 
consisting of engineers. In the design phase, critical choices regarding the production 
structure and division of labor are made, and incorporated into the production system. 
This realization underlies the plea of van der Does de Willebois (in: Ramondt, 1974, 60) 
to take social and human criteria into account with the design of production systems, and 
the notion of 'preventive work structuring' (den Hertog, 1979), as well as the plea to 
incorporate criteria with respect to the functioning of humans in the design of production 
systems (Brödner, 1991; Kidd, 1991). With this plea, the possibility to take such criteria 
into account in the design process is recognized. 
The design of stand-alone equipment is another matter. Stand-alone equipment is 
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generally bought off-the-shelf. 'Tailor-made' machines exist, but may be too expensive to 
be bought by most organizations, especially small and medium sized enterprises. For 
many buyers of machines, the possibilities to influence the technical design are small, or 
even non-existent. On the other hand, stand-alone machines generally leave substantial 
room for taking decisions with respect to the organization of labor around the machine. 
Whereas workspots in a large assembly line are incorporated in the technical design, and 
hardly any opportunity is left to change the line once implemented, a stand-alone machine 
such as a ribbon-saw only determines the way it has to be operated, i.e. what tasks have 
to be conducted in order to have the particular machine function. The division of these 
tasks is in no way determined by a stand-alone machine. 
This difference has implications for the relevance of aspects of both technical design 
orientations. In the design of complete production systems in which the division of 
(human) labor is already to an important degree incorporated, aspects relating to the 
division of labor such as machine-paced jobs and the inclusion of discretionary tasks into 
jobs, are also critical. For stand-alone machines, user-friendly software and ergonomie 
aspects are more important, but the division of labor is in the first place a matter of the 
organizational design orientation used. As Murphy states: 'the human-centred technology 
must be integrated with, and complemented by, an equally flexible organisation of work' 
(1989, 148). 
Having discussed organizational and technical design orientations, their relationships can 
be dealt with. In the following, an attempt is made to answer the question whether or not 
this relationship can be considered to be neutral, in the sense that any organizational 
design orientation can be combined with any technical design orientation. If so, this fits in 
the idea that degrees of freedom exist around technical systems, and that technical 
determinism has to be rejected. If not, it has to be possible to identify technical characte­
ristics of technical systems suited to be used together with a certain design orientation. 
Figure 2.1 : Technical and organizational design orientations 
Organizational design orientation 
Fractionized Integrative 
• ^ S 3 ^ = ^ ^ — ^ ^ » 111 II 
Technical Technocentric τ ц 
design 
orientation H u m * n centred 
Certain combinations of design orientations and technical systems, as designated by the 
quadrants of Figure 2.1, are more or less likely to occur. There are several possibilities: 
1 Total freedom of choice: All combinations are equally likely to occur, which 
represents the situation of total freedom of choice. 
2 Technical determinism: Quadrants I and III are the only possible combinations, 
i.e. technocentric systems lead to a fractionized design, and human centred 
systems lead to an integrative design. 
3 Intermediate positions. 
Ad 1 : Total freedom of choice If the freedom of dividing tasks around a given 
technical system is total, all four quadrants of Figure 2.1 present equally likely options. 
Technical characteristics of technical systems do not correlate with the design orientation 
in use. If this position is accepted, it hardly makes sense to make a distinction between 
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technocentric ала human centred systems. The call for 'computer and human integrated 
manufacturing' can then be understood as a warning not to focus on one aspect single-
mindedly, but to take both the technical system and the design orientation simultaneously 
into consideration. Such a plea is well known in the (early) sociotechnical call for 'joint 
optimization' (van Eijnatten, 1991, 11, attributes this concept to Emery) and the concept 
of 'synchronous innovation' (Bennett, 1992). But as many authors stress the importance 
of developing human centred systems, and as numerous studies on 'technology and work' 
exist, one may assume that technical systems do have an important influence on jobs, and 
are not neutral. 
ad 2 : Technical determinism Another possibility is that technocentric systems fit 
with fractionized designs, and that human centred systems fit with integrative designs. In 
that case, only quadrants I and III are possible. In this case, technical systems possess 
characteristics that can only be complemented with a particular design approach. An 
organizational design orientation may even be incorporated into technical systems. 
However, as with technological determinism, it is impossible to find authors defending 
such a radical standpoint. 
ad 3 : Intermediate positions Not surprisingly, many intermediate positions can be 
taken between technical determinism and total freedom of choice. In the following, two 
such positions are discussed, namely technical prescription and technical seduction. 
Braczyk (1987) provides a moderate example of technical prescription. Based on research 
in the German clothing industry, he distinguishes between two contrasting types of 
technical systems in clothing production: 
'The first type by design permits both the use in a rigid Taylorian assembling line 
and in a restructured work organization consisting of different semi-autonomous 
working groups which perform at relatively high level of skill. In this case the real 
use depends on the choice the user is taking on how to use the system. 
The second type is strictly designed according to the principles of a Taylorian 
assembling line without admitting any alternative' (1987, 149). 
In terms of Figure 2.1, only quadrants I, III and IV are relevant in Braczyk's case. It has 
be noted that this involves the design of a production system, namely an assembly line in 
which work stations are included. As Braczyk's second type shows, once this design is 
established, a fractionized organization of labor is prescribed by the technical system. 
However, an integrative organization design can not be prescribed. As is evident from the 
first type, the technical design may permit choices concerning the organization of labor, 
but there is no guarantee that an integrative design is chosen. In this case the choice for 
an integrative design is not obvious, but optional. Note that this case of partial technical 
prescription involves a production system, not a stand-alone machine. 
Labor process theorist Noble (1978) also attributes a critical role for technical systems. 
Noble argues that one important reason to adopt the Numerical Control (NC) - technique 
in favor of the alternative Record Playback system was the fact that in contrast to Record 
Playback, NC provides the possibility to split controlling and executing tasks, and thus 
fits well in a fractionized design orientation. In contrast to RPB, NC provided the 
opportunity to formally synthesize machinist skills, and transfer them to a central 
programming office. Noble stresses that this transfer is not necessary, but is made 
possible by NC (1978, 340). 
Whereas Noble stresses the use of NC as an instrument in a fractionized design orienta­
tion, the choice for a fractionized design may not be as conscious as he asserts. The 
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choice for fractíonized jobs may just become more likely because a task such as program-
ming poses totally different, namely conceptual, skill requirements than machine operati-
on, which requires manual skills and machining experience. This gap between the skill 
requirements of programming respectively operating may induce the application of 
fractíonized design principles, especially in the period and country studied by Noble. As 
Davis, Canter and Hoffman's (1955) empirical study indicates, the fractíonized design 
orientation was dominant in the USA during the 1950s, which makes it likely that 
fractíonized jobs were commonly found in the US industry in general as well as around 
NC-machines as a specific example. NC merely made these specific forms of dividing 
labor possible. 
In this respect, Manders' notion of 'partial rationality' (1990) is interesting. Manden 
studied the process of decision-making at the 'Centre for Manufacturing Technology' at 
Philips Eindhoven, an engineering department developing systems used by Philips. 
Manders concludes that control of labor is not a conscious goal of top management and 
R&D-management. However, Tayloristic concepts were transformed into technical 
concepts. These have become part of the curricula of technical schools, and the education 
of (mainly mechanical) engineers. Via socialization processes, both in formal schooling 
and in everyday working practice, Tayloristic concepts have become widespread in the 
field of engineering, and have become 'the way to do things'. The validity of such 
designs is never questioned just because of their widespread, albeit implicit, acceptance, 
which is typical for the partial rationality of engineers (cfr. the notion of 'paradigms' in 
science). 
Regarding technical prescriptions, it can be noted that the complexity of technical systems 
influences the degree to which choices regarding the organization of labor can be made. 
Braczyk shows that large, complex production systems may already to an important 
degree incorporate the organization of labor, whereas Noble, focusing on stand-alone 
machines, shows that NC-programming allows different choices, but can be used as an 
instrument in a fractíonized design. Finally and in contrast to Noble, Manders argues that 
such a use may not be deliberate but can be a result of the partial rationality of designers 
of (technical) production systems. 
The notion of technical seduction can perhaps best be illustrated by the example of 
production planning and control (PPC) systems. According to Peters and Kommers (1991, 
48-5S), many organizations buy standard software packages for production planning and 
control purposes. Although it is not necessary to use all modules of such large, standardi-
zed packages, the temptation to do so is great. The criticism of technocentric PPC-
systems is that shopfloor planning is centralized, thereby limiting the autonomy and 
flexibility on the shopfloor. 
Manske (1987) introduces two alternative strategies to use PPC-systems (cfr. Nullmeier 
and Rôdiger, 1986), namely 'centralized total planning' and 'framework planning'. 
Centralized total planning tries to achieve complete control of production, including 
planning of demand and production at firm level, material requirements planning, capacity 
planning, inventory control, and shopfloor planning (see Vollmann, Berry and Whybark, 
1984, for an example of this approach). They can be seen as representing the Tayloristic 
ideal of complete management control. Manske's main criticism of centralized total 
planning is directed at the detailed shopfloor planning prescribed. This leaves little 
freedom for shopfloor workers, and production plans are hard to adapt to changing 
circumstances (for instance due to rush orders, machine disturbances and planning 
errors). These last aspects limit the applicability of total centralized planning. The 
alternative framework planning leaves shopfloor planning of orders to shopfloor workers. 
Although it is possible to write tailor-made production planning and control systems, and 
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centralized planning software can be adapted to the control structure of production 
organizations, organizations may be seduced by the technical possibility to plan shopfloor 
activities in detail. In other words: although a centralized production planning package 
does not necessarily lead to fractionized organizations, this combination of quadrant I 
becomes likely. The ultimate choice, however, is an organizational choice (Alders, 
Fruyüer and Peters, 1991; Peters and Kommers, 1991). 
Conclusion and discussion 
Having discussed various positions with respect to the question to what degree technical 
systems influence the division of labor, it can only be concluded that this degree varies, 
and is influenced by a number of factors, such as: 
the complexity of technical systems (stand-alone machines vs. complete production 
systems); 
the degree to which technical systems are tailor-made; 
the moment design decisions are taken, combined with the degree in which such 
designs are influenced by users; 
engineers' awareness of human and social design criteria. 
Technical systems, especially large production systems, may implicitly or explicitly 
reflect a design orientation. Whether or not technical system designers are aware of and 
take into account criteria with respect to organizational design orientations is critical. The 
absence of an explicit awareness of design orientations is likely to lead to a lack of 
attention for human or social factors in the design of the technical system, as is shown by 
the partial rationality of the mechanical engineers studied by Manders (1990). In this 
case, technical systems are easily interpreted as being 'technocentric' or 'Tayloristic'. Of 
course, it remains possible that fractionized prescriptions are deliberately incorporated 
into technical systems, or that they make a division of labor more likely, as may be the 
case with the skills required by various programming methods. However, this is by no 
means an automaticity: the fact that a new technical system makes an extension of the 
division of labor possible does not necessarily mean that this option will be realized. 
Perhaps the main contribution of developers of human centred systems is not the 
development of such systems, but more the fact that they emphasize the relevance of 
human and social design criteria. A user-friendly programming method is by no means a 
guarantee for integrated jobs, but merely eliminates an obstacle for their occurrence by 
lowering the gap between the skill requirements for programming and operating. 
In order to have technical systems fit into integrative design orientations, proponents of 
such orientations will need to specify the technical criteria mechanical engineers have to 
take into account when designing production systems. Such criteria may be general or 
specific for a certain design method. User friendliness is probably a technical characteris-
tic that fits well in any integrative method. In case of MST, a specific criterion concerns 
the lay-out ('production organization'), which should be group-oriented. A number of 
small machines is preferred to one large machine, as small machines fit into group 
production, whereas large machines tend to be included in a functional or line organiza-
tion. The technical systems have to fit in the concept of flow production (Pot et al., 1991, 
35). 
Having set out the influence of technical design orientations, a final comment on techno-
logical determinism can be made. In section 2.1, it was argued, that the fractionized 
design orientation is deeply embedded in organizational design, and, as a rule, is applied, 
consciously or unconsciously. In that case it can be expected that fractionized jobs are 
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likely to occur around any technical system. If the effect of the introduction of any 
technical system on the division of labor is studied, and the fractionized jobs have been 
found to be dominant, it may seem that the technical system under study, rather than the 
organizational design orientation, determines the division of labor. In other words: the 
design orientation acts as a moderator variable between the (independent) variable 
'technical system' and the (dependent) variable 'division of labor'. 
As argued above, technical systems as such only have a limited effect on the division of 
labor. The implementation of a new technical system leads to changes in the organizatio­
nal task pool, which has consequences for the division of labor. This makes the introduc­
tion of technical systems an ideal moment to implement other changes. The distinction 
between both variables is then indeed analytical (Doorewaard and Huijgen, 1985), and it 
is easy to ascribe changes in the division of labor to the technical system introduced, i.e. 
to see some variant of techn(olog)ical determinism. 
Finally, the viability of human centred systems, as well as integrative design methods, 
will ultimately be determined by their 'profit-centredness' (Jones, 1991, 617-619). 
Herzog, describing the introduction of German WOP programming methods, states that 
earlier attempts failed right from the start because of 'the killer argument of failing 
economy' (1991, 48). 
2.3 Product markets 
Changes in technical and organizational arrangements are generally discussed in connec­
tion with changes on product markets. The latter are often seen as the prime motivations 
for implementing other changes, and hence need to be discussed here. 
First, an ideal-typical picture of modern product markets is sketched. Secondly, this ideal-
typical portrayal is assessed critically. Finally, some conclusions are drawn regarding 
these developments on product markets and their consequences. 
'Modern products markets' 
Many authors try to analyze contemporary developments on product markets. Several 
models were developed with descriptive, predictive, or prescriptive goals. The popularity 
of these models may be related to the suggested implications for organizational design, 
which are discussed further on. In the Netherlands, the 'phase model' of Bol wij η and 
Kumpe, two Philips consultants and professors of management, has become quite 
influential. This phase model aims to describe the subsequent phases large, multinational 
organizations have gone through from 1960 onwards. According to Bol wij η and Kumpe, 
'Pjarge multinational companies often have little freedom of choice in determining their 
industrial strategy' (1990, 44). They are forced to follow new market demands. 
The model consists of four phases, which companies pass subsequently: 
1 phase of efficiency, which is the traditional phase. 
2 phase of quality, starting at the end of the 1960s. 
3 phase of flexibility, starting in the mid-1970s. 
4 phase of innovation, which is typical for the 1990s. 
In every following phase, organizations have to perform according to the requirements of 
previous phases, plus some new requirements posed by the phase just entered. In the 
efficiency phase, all organizational efforts are directed at cost reduction by striving 
toward the mass production of standardized goods. The stable markets allowed the 
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application of fractionized organization designs. However, the substandard product quality 
became problematic especially when production capacity started to exceed demand. This 
led to intensified competition, in which product quality became an important item. The 
formerly widespread belief that product quality and efficiency were opposing goals, was 
under attack. The efforts of quality gurus had a lasting impact, and it was realized that 
'Doing things the right the first time is the best and cheapest way to run a business' 
(1990, SO); in other words: efficiency and quality are compatible, as scrap and repair 
costs are eliminated. Furthermore, products known for their quality gained market share 
at the expense of substandard quality products. In the next phase flexibility is required, 
i.e. the ability to produce 'wide ranges of up-to-date products' (1990, 46). This is only 
possible 'if and when efficiency and in particular quality are properly under control' 
(1990, 46). For the 1990s, Bol wij η and Kumpe foresaw the phase of innovativeness. In 
this phase, organizations have to be able to introduce improved products quickly. These 
products have to be outstanding, which is 'uniqueness' of products. The last two phases 
require fast feedback, flat organizations, autonomous departments, and a minimum of 
central staff groups. In other words: integrative organization designs are called for in 
order to remain competitive under the conditions described by the later phases of Bolwijn 
and Kumpe's model. However, 'not all companies react with the same swiftness to a new, 
upcoming market demand. Delay times vary. Also new market demands do not emerge 
for all industrial sectors or product/market combinations at the same time. So not all parts 
of a company will be in the same phase of our model' (1990, 47). 
The phase model proved, and still proves, to be appealing to many, even to the extent 
that the model's field of applicability is broadened beyond the area claimed by Bolwijn 
and Kumpe. The criteria efficiency, quality, and flexibility were called a 'conditio sine 
qua non' and 'not specific for a certain branch or a certain kind of enterprises' by 
Rauwenhoff, former vice-president of Philips (1986, 33). 
The phase model is deterministic: it does not acknowledge the freedom to choose a 
strategy. At this point, Bolwijn and Kumpe disagree with Porter (198S), who stresses an 
organizations' freedom to choose a manufacturing strategy, either aimed at cost reduction 
or product differentiation (1990, 55). The deterministic character is remarkable as the 
model is meant explicitly for large, multinational organizations, a category one can expect 
(to be able) to exert considerable influence over its environment in general, and its 
product markets in particular. These contrasting views can be seen as manifestations of a 
more general debate, led in organizational theory, on voluntarism and determinism 
(Astley and van de Ven, 1983; cfr. section 1.1). Furthermore, the model is clearly ideal-
typical. The authors acknowledge the possibility that organizations are in differing stages 
of development, which meets many potential objections. 
The 'phase model', describing changes on products markets with subsequent necessary 
organizational adaptations, is by no means unique. Especially the trend from mass 
production toward the small batch production is noted by many authors, be it that the 
wording changes. Flexible specialization (Piore and Sable, 1984), the sand cone model 
(De Meyer and Bonheure, 1991; De Meyer and Ferdows, 1991) give similar descriptions, 
while the trend toward small batches is mentioned by many authors without incorporating 
it into a specific model (Adler, 1988; Brôdner, 1987; Gunn, 1987; Kidd, 1991; Wobbe, 
1991). Okko (1992) uses the word 'flexibility paradigm' in this respect. 
Summarizing: according to authors mentioned above, mass production is no longer a 
viable product strategy for multinational companies. Instead, manufacturers are either 
forced, or well advised, to produce a wide and constantly changing range of high quality 
products. Roughly, product quality became an important issue in the beginning of the 
1970s, about 1980 a wide range of products became essential as well, and a small decade 
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later, the constant renewal of product ranges became a precondition for organizational 
survival. 
A critical assessment 
Although the widespread consensus concerning the general dominant trend in product 
markets can be seen as a confirmation of the 'phase model', it is hard, if not impossible, 
to find a methodologically sound foundation for it. Another point of criticism concerns its 
generalizability with respect to other periods and branches. Finally, it has to be noted that 
the level of analysis plays a role. Except for the first point, these criticisms concern the 
general trend described by these models rather than the 'phase model' itself. As will 
become clear in the following, these points of criticism are partially intertwined. 
Bolwijn and Kumpe are explicit about the empirical basis of the phase model: it is mainly 
based on visits to several outstanding companies in Europe (1990, 44). Such a basis needs 
little methodological discussion. As no mention is made of the peculiarities of these 
factories, nor of the method of data analysis (which is clearly problematic in qualitative 
research), the model does not seem to have faced any scientific rigor, but is merely a 
systematic crystallization of personal experiences. The emphasis the model puts on 
'quality', 'flexibility' and 'innovativeness', and the resulting necessary organizational 
changes fît well in, and at the same time have fed what seems to be the currently 
dominant production ideology. Its appeal might explain its uncritical use, using the model 
even beyond the areas it means to describe. Furthermore, given the large number of 
competing models, and their popularity in the practitioner's and academic world, the 
phase model's face value may be considerable warranting a closer look concerning the 
extent that the above described development from mass production to small batch 
production takes place. Is it restricted to large multinational enterprises as Bolwijn and 
Kumpe state, or is it of use for other firms as well? 
Emery and Trist's (1965) classic article 'The Causal Texture of Organizational Environ-
ments' serves as the starting point for the remainder of the discussion. In this paper, 
originally read at a conference in 1963, Emery and Trist identify four ideal types of 
'causal texture', i.e. the influence of the environment in general on organization structure. 
This conceptualization of the environmental role was motivated by a number of cases, one 
of which is described at the beginning of the article. The case concerns a British 
vegetable canning company, that had held a stable 65 percent market share since before 
the war, and had decided to invest in a new, rigidly automated factory set up for mass 
production. When the factory was being built, a number of small canning firms started to 
market cheaper brands, initially as a means to reduce capacity underutilization due to the 
seasonality of their imported fruits businesses. These small firms could cheaply procure 
American surplus crops, which could not be processed by American producers of quick-
frozen foods. British consumers now had a greater variety to choose: more canned 
products, quick-frozen food, and an increased number of substitutable vegetables. 
Furthermore, the upcoming grocery chains started to market cheap house brands, for 
which bulk orders were placed with the small canners. Unfortunately, the new factory 
could not be adapted, and as a result of all these intertwined developments the company's 
market share dropped significantly. If nothing else, the canning case shows that this 
firms' mass production strategy was no longer viable as early about 1960 (the data must 
have been gathered in the beginning of the 1960s). 
Emery and Trist try to grasp these environmental influences in the notion of the 'causal 
texture of the environment' in four ideal types. The first three types 'have already, and 
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indeed repeatedly, been described - in a large variety of terms and with the emphasis on 
an equally bewildering variety of special aspects - in the literature of a number of 
disciplines, ranging from biology to economics and including military theory as well as 
psychology and sociology. The fourth type, however, is new, at least to us' (1965, 24). 
The four types are: 
1 placid, randomized environment. 
2 placid, clustered environment. 
3 disturbed-reactive environment. 
4 turbulent fields. 
Although it is clear from their article, that the intensity of environmental changes 
necessitates a similar intensity of organizational responses, consequences for organizatio-
nal structures are only superficially discussed. What they do emphasize, however, is that 
'turbulent fields demand some overall form of organization that is essentially different 
from the hierarchically structured forms to which we are accustomed' (1965, 28-29). 
Later, the four types were supplemented by a fifth, called the 'hyperturbulent' environ-
ment' (McCann and Selsky, 1984) or the 'vortical' environment (Babüroglu, 1988). 
The Emery and Trist paper can be interpreted as an early indication that mass production 
was no longer a viable market strategy by the beginning of the 1950s, and that changes of 
differing intensities were occurring. A more elaborate discussion of the organizational 
consequences of such changes can be found even earlier in the work of Burns and Stalker 
(1961). Based on work of previous authors and their own case-studies in British 
electrotechnical firms, Burns and Stalker distinguished two polar types of organizations, 
namely 'mechanistic' and 'organic' systems of management, and, as a new element, 
related these systems of management to environmental characteristics. Given a particular 
environment, both types are rational. The mechanistic management system is appropriate 
to stable conditions, and is characterized among others by a detailed division of labor, 
tight hierarchical structure and matching specifications of each individual's rights and 
obligations. This bureaucratic way of organizing is not found in the organic structure, 
which is appropriate in changing conditions. These give constantly rise to unforeseen 
problems, which are hard to resolve by the mechanistic way of working. Characteristics 
include a network structure of control and authority, and continual adjustment and 
redefinition of individual tasks. 
With respect to the timing of the developments, the experience of Olivetti, one of Philips 
competing large, multinational enterprises, is illustrative. 'The character of Olivetti's 
market has changed in fact; the market for microcomputers, data processing systems, 
numerically controlled machine tools, and so on is more specialized, more differentiated 
in terms of performance requirements, more demanding in terms of technical quality, 
and, above all, subject to stronger competition. To be successful in these markets the 
company must not only offer competitive prices and very high quality; chiefly, it must 
also supply a wide range of products and constantly improve them to meet customers' 
requirements. As a consequence, for example, the company's catalog grows larger, since 
each product is supplied in an increasing number of models, and the products' lifetimes 
are considerably shorter' (Butera, 1975, 167-168). 
Interesting common features of these two examples are that both concern electrotechnical 
firms, and both describe the development away from mass production. Especially the 
work of Burns and Stalker suggests that as early as the late 1950s, electrotechnical firms 
were operating with different organization structures in different product markets. Some 
15 years later, Olivetti seems to have felt a need to adapt its organization to changed 
product markets. Naturally, both examples are illustrations and do not provide any proof 
on the timing of the suggested general trend toward smaller batches. Using these 
examples as a proof would provide a wobbly empirical base, as no systematic, large scale 
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investigation concerning market developments has taken place. The same, however, holds 
for the suggested trends, which are often based on cases and may not pretend generaliza-
bility (Yin, 1989), or miss a systematic account of data collection, analysis and interpreta-
tion, which makes the findings subject to vulnerability (Lammers, 1986, 19). 
Another issue concerns the branches in which these market developments take place The 
electronical and automobile industries are two examples Yet, branches with high 
proportions of small and medium-sized firms such as the metal products and machine-
building branches are typically not covered by the phase model As far as strategies with 
a high product variety, a high product variability, and small batches, are the traditionally 
most common strategy in particular branches, as is the case for the Dutch metallurgie 
industries (Stokman, de Groot and Leurs, 1989, 20), branches such as the electronics and 
automotive industries are merely moving in the direction which is already familiar in 
other branches (Manske, 1987, 132) Within the chemical industries, a distinction is made 
between bulk chemicals and specialties, thereby allowing for different markets strategies. 
To be brief, inter- and intra-branch differences in product strategies occur. These may be 
related to organizational size, although this relationship is also not universally assumed, 
as can be shown by quoting Sorge and Streeck* 'Small batches may be beautiful in small 
or large units, with small or large volumes alike. The same applies if beautiful is replaced 
by ugly' (1988, 29). 
A third comment concerns the level at which these developments take place. At the cor-
porate level, an increase of product variety can be achieved by acquiring another 
company, but this will probably have no impact on the organization of work at the 
shopfloor. The global organizational product and market strategy of (in Bolwijn and 
Kumpe's case large, multinational) organizations on the one hand, and the output charac-
teristics at the shopfloor level have to be decoupled to investigate the effect at the 
shopfloor. Although both levels, perhaps connected by several additional layers, are not 
unrelated, they have to be analytically separated A greater product variety may occur at 
both levels, but the level of analysis is important to determine the organizational conse-
quences. 
Bol WÍJ η and Kumpe, in a publication co-authored with three other Philips employees, 
assert that products tend to consist of fewer components The reduction of product 
complexity, as well as modular product design' are even prescribed in the same volume 
(Bolwijn et al , 1986). In case of modular design, the combination of a limited number of 
standard components can result in customized designs In other words the characteristics 
of end products may be totally different from those at the component level If a strategy 
of supplying a broad product variety is combined with modular product design, shopfloor 
conditions may remain unchanged, whereas the distribution and sales departments will 
have to cope with an increased product range Another example is group technology, in 
which similar parts are identified and grouped together into part families As the individu­
al parts are largely similar, they have to be processed in similar ways too, which makes 
processing efficiencies possible (Groover, 1987, 433-456) According to Tidd and Francis 
(1992, 808), A menean and many European manufacturers, in contrast to their Japanese 
counterparts, have consistently reduced product ranges to facilitate automation and to 
realize cost savings. 
5
 The coocept behind these techniques is not a recent innovation it was used for the terracotta army of 
the Chinese emperor Qin Shi Huang, which was assembled about 2,000 years ago (Bennett, 1992, 777) 
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Summarizing the point so far: the problem is not so much that the 'modern' models do 
not capture the full reality of developments on product markets, but rather that strategies 
that can be considered to be alternatives to mass production such as focusing on product 
quality, market niches, or broad product ranges, existed prior to their baptism. This 
points to a less static situation some twenty-five years ago than is often assumed. After 
describing the dominant concept of mass production, Skinner argues that '[fjoday these 
factors are changing, with the extent and rate of change varying with the industry and the 
company [...] The assignment becomes - "Make an increasing variety of products, on 
shorter lead times with smaller runs, but with flawless quality" (1966, 140). If this 
quotation of Skinner adequately describes the situation in the USA in the mid-1960s, how 
could it take twenty years before it had an effect outside the USA? 
The unconscious or conscious neglect of older sources, together with personal interests, 
easily leads to tendentious opinions concerning product strategies, often vigorously 
propagated by their 'inventors', and uncritically adopted by their disciples. Nevertheless, 
the multitude and popularity of different models indicates that something is happening in 
the area of product strategies, which has consequences for the efficiency with which 
organizations operate. In the following, an attempt will be made to identify the main 
elements of a product strategy as far as these influence the division of labor around stand-
alone machines, as these are the focus of this study. 
Output characteristics and organizational characteristics 
Sorge, in what seems to be an effort to revitalize the contingency approach, distinguishes 
the following output characteristics: 
Volume of output 
Product scope, which is divided in product range and product variability 
Product complexity (1989, 24-27). 
Product scope expresses the overall product variety, while its dimensions product range 
and product variability refer to respectively the product variety handled by organizational 
sub-units, and the product variety handled within a particular sub-unit. In these terms, the 
product scope can be increased as a result of diversification, i.e. an increasing product 
range, or by a larger number of product produced by a particular unit, i.e. an increasing 
product variability. Product volume is, as product range, defined at the organizational 
level. 
If the focus is on departments or the shopfloor, these output characteristics have to be 
modified. Clearly, product variability in the above definition is only meaningful above the 
departmental or unit level. Another necessary modification concerns a dynamic aspect, 
namely the extent to which changes occur in these output characteristics. For this, the 
now obliterate term 'product variability' seems most appropriate. Furthermore, a 
remarkable absentee is 'batch size', which is placed under the cover of output volume. In 
Sorge and Streeck (1988, 25-29), batch size is attributed an important role as apparently 
the main link between properties of product markets and organizational characteristics. 
Further on in this article, it is treated as a synonym to output volume. Whereas such an 
equalization of output volume and batch size may be permissible at the organization level, 
at the shopfloor level output volume has to be unravelled as batch size and repeat 
frequency. Summarizing, at the shopfloor level the following output characteristics have 
to be taken into account: 
Product complexity. 
Product variability. 
Product range. 
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Batch size. 
Repeat frequency. 
By using Sorge's concepts 'workflow differentiation', 'workflow continuity' and 'work-
flow rigidity', the relationships between these characteristics and the organization of labor 
can be described. Workflow differentiation refers to the extent to which the workflow is 
differentiated into discrete jobs, machines or plant components. These can be conducted 
simultaneously, which is 'parallel differentiation', or subsequently, 'sequential differen-
tiation'. The higher (end) product complexity, the larger the number of operations, and 
the higher the number of possible combinations of operations, the higher the possible 
variety in workflow differentiation. Working stations, whether mechanic or human, can 
be grouped sequentially in a production line or group, or parallel in a functional lay-out. 
In the latter case, machines performing similar operations are grouped, whereas in the 
other two cases all necessary work stations to process a (group of) product(-s) are placed 
together. Within the same production department, different lay-outs may occur simulta-
neously. 
'Workflow continuity' refers to the degree that the workflow is interrupted by the total 
time required for converting the production system to other products, although Sorge 
acknowledges that interruptions can also be caused by breakdowns, maintenance, and 
organizational slack. In cases of a high repeat frequency or a high product variability, the 
workflow is frequently interrupted. The length of the conversion time, or 'set-up time', is 
generally in the first place a technical characteristic, although organizational measures 
may also lead to significant reductions (Schonberger, 1982). 
'Workflow rigidity' denotes the extent to which a production unit is restricted to oper-
ations for particular inputs, transformation processes or outputs. The higher the product 
range and variability, the higher the need for production factors that can be deployed for 
a variety of operations. Workflow rigidity can be observed at several levels of aggrega-
tion, starting from individual employees c.q. stand-alone machines, and their combina-
tions in the form of organizational structures. Conventionally, a high utilization grade of 
production factors is stressed which is visible in the common accounting practices. In this 
case, an efficient utilization of production factors is stressed. The higher the product 
range, variability, and repeat frequency, and the smaller batches, the greater the technical 
difficulties to design and manufacture machines suited to handle such a product diversity, 
and hence their price. Dedicated machinery typically handles a small product range, 
which is expected to remain stable for a substantial period (the canning case being a 
typical description of the results of this assumption being invalid), with large batches and 
a low repeat frequency. In this case, workflow continuity can be realized by using a line 
lay-out, in which all working stations are closely coupled sequentially. Table 2.4 contains 
some ideal-typical combinations of output characteristics and lay-out. 
Table 2.4 : Output characteristics and lay-out 
Lay-out 
Line 
Group 
Product variability 
very low 
low - intermediate 
Functional | intermediate · high 
Product range 
small 
small 
broad 
Batch size 
(very) large 
intermediate -
large 
varying 
Repeat 
frequency 
low 
high 
varying 
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A line lay-out is only (economically) feasible in case of a special combination of output 
characteristics. Total production volume has to be sufficient to earn back the (normally 
substantial) investments in dedicated equipment. In case of a group lay-out, and even 
more in case of a functional layout, more variety in the output characteristics is possible. 
By means of a group lay-out, related products, 'product families', can be handled, which 
makes this lay-out less dedicated than a line, but more dedicated than a functional lay-out. 
Compared with the latter, the lower variation in output characteristics leads to a lower 
need for coordination. Furthermore, the situation is more easily controllable as product 
flows are less complicated in a group lay-out than in a functional lay-out. Typically, the 
complex product flows in a functional lay-out, combined with the emphasis on high 
degrees of machine utilization, make such production systems intransparent and hard to 
control, which is an important reason to plea for the grouping of related products into 
product groups in modern sociotechnology. However, total production volume has to be 
sufficiently large in order to prevent low utilization degrees. 
In organization and industrial sociology widespread support is found for a coupling 
between output characteristics and organizational structure, which is a classical contingen-
cy argument (Sorge, 1991, 165). Burns and Stalker's mechanistic and organic systems of 
management typically fit stable respectively dynamic output characteristics. In the terms 
of section 2.1 integrative designs, which structures require less coordination than 
fractionized designs, are most efficient if there is a high need for coordination, thus in 
case of dynamic output characteristics. In case of the specific characteristics mentioned in 
Table 2.4 the fractionized line organization is most efficient as economies of scale can be 
achieved. 
Following the reasoning above, however, this coupling may be less tight than generally 
assumed. Modular product design may link a low product range and variability, and large 
batches in component production, in other words ideal conditions for a fractionized 
design, to unique, and even customized end products. Furthermore, the grouping of 
related products into product families, as prescribed in MST and group technology show 
that it is possible to create different organizational arrangements starting from similar 
output characteristics. Finally, in MST the lay-outs mentioned in Table 2.4 are typically 
combined with specific design orientations. The group lay-out, which is to be combined 
with task groups, is characterized by an integrative design, while both the line and the 
functional lay-outs are typically linked with fractionized designs. Whereas such a 
combination seems logical for the line production, it is less evident to see why the 
functional lay-out, typically handling a large variety of products, i.e. operating in a 
dynamic environment, ought to be characterized by a fractionized design. One possible 
explanation can be found in a supposed high pressure on machine utilization in a 
functional lay-out, which leads to fixed man-machine assignments, but such an explana-
tion seems somewhat artificial. Another explanation might be, that the functional and line 
lay-out are both traditional ways of grouping machines, which are likely to be combined 
with the traditional fractionized design orientation, but again this argument is hardly 
convincing. Only the line lay-out fits well in the contingency argument. If Table 2.4 is 
correct in linking output characteristics and lay-outs, one may expect, following the 
contingency argument, that both design orientations can be found in functional and group 
lay-outs, depending on the output characteristics in specific cases. Such an argument also 
allows for an internal division of labor within task groups, characterized by either an 
integrative or a fractionized design orientation. 
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Conclusions and discussion 
The output characteristics 'product complexity', 'product variability', 'product range', 
'batch size', and 'repeat frequency' are related to characteristics of organizational 
structures. Depending on the scores on these variables, and the specific combinations of 
these variables, some lay-outs and design orientations are more likely to occur than 
others. This is not to say that output characteristics necessarily have to be the starting 
point of the discussion. It is just as well possible that organizations possessing specific 
characteristics adapt their product market strategy in order to fit the strategy with the 
structure, rather than the other way around. Put this way, whether 'strategy follows 
structure' or 'structure follows strategy' is less relevant than that strategy and structure 
fit, which can be described as an 'elective affinity' (Sorge and Streeck, 1988). Another 
element that is beyond the area of interest here concerns the question whether organiz-
ations have a certain freedom of choice with respect to their market strategies as Porter 
argues, or that they are forced to follow their competitors as Bolwijn and Kumpe are 
inclined to believe. Perhaps both are possible simultaneously (Hrebiniak and Joyce, 
1985). However, given the large variety of options presented above, the more determin-
istic options seem unlikely. 
For a discussion of the influence of output characteristics at the shopfloor level, it is 
essential to identify the relevant output characteristics at this level. Most of the models 
portraying the ideal-typical market developments concern the organization level, which, as 
argued above, may be decoupled from the shopfloor in various ways. These include the 
distinction between organizational sub-units, modular product design and the grouping of 
products. Even if there is a close coupling, it remains to be seen whether, or perhaps 
more accurately, to what extent the market developments follow the models designed to 
describe them. The large diversity of these models leads one to believe that mass 
production is not the dominant product strategy, but whether this is a breach with the 
tradition, or the tradition itself, is unclear due to lack of longitudinal statistical data 
covering only a selection of industrial branches. The impressionistic evidence in favor of 
these models can be supplemented by equally impressionistic evidence demonstrating the 
opposite. If changes are actually occurring, they are likely to have an effect on organiz-
ational structures, but this effect can be expected to be quite moderate. 
2.4 Labor markets 
This section deals with the relationship between skill level needed to fulfil jobs offered by 
employers on the one hand, and the skill level possessed by of would-be employees on the 
(external) labor market on the other hand. The issue has a qualitative and a quantitative 
dimension. The qualitative dimension concerns the degree to which both skill levels fit. 
The quantitative dimension concerns the question whether or not the demand for labor 
equals the supply of labor, which influences the qualitative dimension. To avoid con-
fusion, demand of labor refers to the jobs offered by employers to employees, and supply 
of labor refers to the labor capacity offered to employers by employees. 'Skill level' 
refers to the demand side, i.e. the skill level needed to fulfil a particular function; 
'education level' refers to the supply side, i.e. the skills employees actually have 
acquired. 
In many industrialized countries, compulsory mass education has led to a rising general 
level of education, which translates itself in a rising education level. This phenomenon 
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has been mentioned as an important reason to introduce integrative design methods. For 
instance, MST-foreman de Sitter states: 'The qualitative tensions on the labor market, 
which are shown in the differences between the supply and demand, will have to be 
bridged by changes in the production' (1981, 112). Similar prescriptive arguments, 
although not always directed at the organizational design, can be found in literature on 
'human capital' and to use more recent terminology 'human resource management' 
(HRM). In the foreword of the book describing the 'groundbreaking' approach of the 
Harvard Business School to HRM, Beer c.s. state that 'The evidence seems to indicate 
[...] that in many corporations, human resources are underutilized and underemployed 
[...] A more highly educated work force has challenged management to find ways of 
increasing employee involvement, responsibility, and participation in the enterprise' 
(1984, viii). Human resources are seen as social capital which has to be developed and 
maintained. The economic logic underlying these claims is that employers have to make 
full use of the capabilities employees possess, i.e. their education level. The argument 
does not stop with the current, static situation, but often also includes a dynamic 
perspective stressing the development of employees' potential skills by means of (conti-
nuous) schooling. In an economic perspective, the gap between the education level and 
the skill level is seen as an untapped source of profits. In humanitarian and psychological 
approaches, this gap is interpreted as insufficient (opportunities for) self-realization of 
individuals. Both are undesirable, and thus employers as well as employees might benefit 
from a full utilization of the individual's capacities. Parallel to the development of 
integrative design methods in section 2.1, a convergence of employers' and employees' 
interests may emerge. This parallel can be seen as an implication of the application of 
integrative design methods for the organizational function structure. By applying the 
principle of a minimal division of labor, functions get composed of a greater variety of 
tasks, requiring more and often higher skills. 
The economic logic underlying the contrasting fractionized model of utilizing labor was 
already spelled out in section 2.1 by referring to the Babbage-principle. Different tasks 
require different skills, and are often rewarded differently. This last practice is institu-
tionalized in the use of function classification and enumeration systems. In the Nether-
lands these are increasingly being used, with more than fifty percent of all employees in 
organizations employing more than 19 persons being classified in 1989 (Loontechnische 
Dienst, 1991). Under influence of this argument and the ones listed in section 2.1, the 
fractionized organization gained ground, with the consequence that many jobs were 
created that require few or skills. This existence of 'everybody's tasks' (Jedermarwstätig-
keiten in German) was repeatedly mentioned (van der Waerden, 1911; Kuylaars, 1951; de 
Sitter, 1981). 
The application of design principles leads to a certain organizational function structure, 
which can be defined as 'the total of all functions existing within an organization' and 
forms the demand of an individual organization for specified categories of labor. The 
macro-economic 'qualitative employment structure' can be found by summarizing the 
demands of all individual organizations. 
In section 2.1, labor market shortages were mentioned as an important reason to experi-
ment with work structuring, which exhibited integrative design orientation. It has to be 
observed, however, that these labor market shortages were economy-wide, and were felt 
to necessitate integrative experiments. In the absence of such shortages, other mechan-
isms are likely to work. Gerlach very explicitly states the economic advantages employers 
expect from hiring overqualified employees: 
'An expected greater labor discipline and quality (compared to uneducated emplo-
yees), shorter periods to learn the job, a (suspected) close availability of practized 
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skills and qualifications, acquired dunng the education, as well as a potential 
broader deployabihty in the sense of flexibility' (1990, 167). 
Gerlach's project was earned out in three German areas, with different degrees of 
unemployment. In case of unemployment, skilled personnel was forced to accept functions 
under their education level. This phenomenon was related to the level of unemployment: 
the higher the unemployment, the higher percentage of employees working under their 
skill level. When the unemployment rate went down some years later, much of the skill 
level had become obsolete. Gerlach concludes, that the shortage of skilled employees in 
Germany was partially caused by these personnel policies of the employers. 
Obviously, this strategy of hiring over-qualified employees is in sharp contrast with the 
strategy over avoiding under-utilization. 
Unlike the application of design methods and use of output characteristics, statistical data 
concerning the developments of skill and education levels in the Netherlands are avail-
able, which enables to draw conclusions with a sounder empirical basis and less speculat-
ive nature than those in the previous sections. 
Empirical data about the Dutch labor market 
In a summarizing article, Huijgen (1990) provides some data concerning this trend in the 
Netherlands. In Tables 2.5 and 2.6, 'skill level' was measured on a scale from 1 to 7, 
with level 1 representing the lowest level (unskilled jobs) Skill level 2 represents semi-
skilled jobs, and the remaining levels contain different levels of skilled jobs. The highest 
two levels are not represented in Table 2.6, as no blue collar manufacturing jobs exist at 
these levels. 
Table 2.5 : The Dutch qualitative employment structure from I960 to 19S5 
Year 
Blue collar jobs 
White collar jobs 
Total employment 
Average skill level 
I960 
2.71 
4.41 
3.36 
1971 
2.58 
4.37 
3.47 
1977* 
2.54 
4.23 
3.47 
1985 
2.53 
4.39 
3.67 
Percent of employment 
I960 
61 
39 
100 
1985 
39 
61 
100 
Source : Huijgen, 1990, pp 100-101 
From Table 2.5 it follows that the average economy-wide skill level has risen over the 
period 1960 - 1985. In other words* 'regradation' or 'upgrading' has taken place. 
However, controlling for the nature of the jobs one finds, that blue collar jobs were 
degraded in the same period. The same conclusion can be drawn for white collar jobs up 
to 1977; after 1977, the average skill level of white collar workers rose to end at 
approximately the level of 1960. The regradation of total employment is caused by the 
6
 Became of the increasing use of part-time jobs, this factor was first taken into account in the 1977 dala, 
which lead to a slight adaptation 
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fact that white collar jobs, which on average and consistently score almost two points 
higher than blue collar jobs, came to make up an increasing proportion of total employ­
ment (last columns of Table 2.S). In Table 2.6, a closer look is taken at blue collar jobs 
in manufacturing between 1977 and 198S. 
Table 2.6 : Qualitative employment structure for blue collar jobs in Dutch manu­
facturing industries, 1977 - 1985 (absolute number of persons working 
at skill level) 
Skill level 
1 
2 
3 
4 
5 
Total 
1977 
143500 
245400 
184400 
154900 
5900 
733900 
1985 
143500 
162Э00 
143300 
133900 
11400 
594400 
Index 
100 
66 
78 
86 
192 
86 
Source : Calculated from Huijgen, 1989, ρ 85 
Two findings from the Table 2.6 need to be discussed. In the first place, the average skill 
level of blue collar manufacturing jobs rose from 2.46 to 2.52 between 1977 and 1985, 
which points to regradation. However, a closer analysis of Table 2.6 reveals that this rise 
is caused by an increasing number of jobs at the highest level. In relative terms this 
increase is quite spectacular, but in absolute terms this level still makes up a moderate 
proportion of all blue collar manufacturing jobs (about 2 percent). The number of jobs at 
the remaining levels all shrank with the exception of the lowest level. In relative terms, 
polarisation has taken place between 1977 and 1985. Using wage levels, Kloosterman and 
Elfring (1991, 148-149) find a similar trend for the Dutch manufacturing industries in 
general for the period 1979-1988. 
In the second place, total employment in this category fell from 733,900 jobs in 1977 to 
594,400 jobs in 1985, while economy-wide total employment rose from 4,087,000 to 
4,374,100 jobs in the same period. The falling employment levels for blue collar jobs in 
manufacturing can be explained by several factors, job displacement through the use of 
new technical systems (mechanization and automation), an increasing labor productivity, 
and an economic recession being the three main reasons. 
Whereas these two findings are unambiguously demonstrated by statistical data, their 
explanations are not evident. Although ongoing mechanization has undoubtedly taken 
place, one would assume that this would lead to a loss of unskilled jobs (skill level 1), as 
simple, often direct tasks are most easy to automate. Yet the number of level 1 jobs has 
remained constant. Thus, the effect of job displacement may have been off-set by the 
creation of unskilled tasks and jobs. If more complex tasks were created due to mechaniz­
ation, and combined into functions at the intermediate levels, this tendency would have 
compensated for job losses at those levels. The latter may have been caused by bank­
ruptcies, possibly in relation with the ailing Dutch economy, in branches with high 
proportions of people working at these levels. Yet the causes of the developments in the 
qualitative employment structure need further research. One conclusion that can be drawn 
is that the development and application of integrative design methods such as work 
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structuring and modem sociotechnology, both of which seem to have focused on manufac-
turing, has not led to a general rise of the skill level in manufacturing. Unlike unskilled 
jobs, semi-skilled and, to a smaller degree, skilled jobs have been eliminated in manufac-
turing. If nothing else, the data of Table 2.6 do not provide any indication that the 
fractionized design orientation has lost its popularity, nor that the integrative design 
orientation started to break through, as Kern and Schumann (1984) concluded for some 
German manufacturing industries in approximately the same period. In this last respect, it 
is striking to find that six out of the total of nineteen manufacturing industries showed a 
larger increase of the skill level from 1977 to 1985 than the economy-wide average 
(which is far higher than the average for manufacturing industries). These six include all 
three sectors included in the study of Kern and Schumann (1984), which leads one to 
wonder whether these three branches represent exceptions rather than the rule. 
Concerning the supply side, it has to be noted that the Netherlands had comparative high 
unemployment rates in the 1980s. Next to unfavorable business conditions, this may have 
been a barrier for the application of integrative designs. In general, the availability of 
personnel no longer necessitated integrative experiments or other methods to secure the 
workforce, and 'crowding out' started to occur. Crowding out refers to the fact that 
people with higher education levels than needed for specific jobs accept these jobs, with 
the result that persons with fitting education levels have to accept lower qualified jobs or 
stay unemployed. Crowding out is likely to occur when the supply of labor is greater than 
the demand for labor at the higher segments of the labor market. The confrontation of 
skill and education levels, leads Huijgen to conclude that crowding-out has taken place 
(1989, 46). Huijgen's 1989 study generated some disputes in Dutch literature, mainly 
concerning the interpretation of his empirical work (Huijgen and Smits, 1990; Salverda, 
1990; Teulings, 1990; Wielers and Glebbeek, 1990). 
According to Salverda (1990), the data can not solely be interpreted as underutilization, 
but also as decreasing overutilization. Especially before 1945, many employees had not 
been able to complete a study fitting with their capabilities, but proved to be able to fulfil 
jobs with a higher skill level than these persons' education level. A second reason for 
overutilization is a lack of adequately trained personnel. Huijgen and Smits (1990) 
responded to his comment that the empirical data do not allow to draw any conclusions as 
they do not contain data on (formally or informally) acquired skills after the completion 
of the formal education. Another point made by Salverda is that crowding out must lead 
to unemployment at lower education levels. Huijgen and Smits (1990) reject this, because 
employees at these lower levels may displace people below their level. Given full employ-
ment within the economy as a total, crowding out and underutilization may still occur. 
Wielers and Glebbeek (1990) bring several points into the discussion, all pointing to 
advantages of a rising education level. In the first place, the education level, as measured 
by the highest level of formal schooling reached, is an indication of the individual's level 
of knowledge as well as an indication of this person's ability to learn. Employers often 
(have to) provide additional schooling to employees. By recruiting employees with high 
education levels, employers can economize on schooling costs as these employees are 
expected to learn quickly. Secondly, drawing on the hedonic function theory, a function 
can be performed better (for instance measured by the individual's labor productivity) by 
employees with a higher education level. In the third place, the introduction of innova-
tions is facilitated by the rising education level. 
Teulings (1990) makes a distinction between crowding out and substitution. The first 
phenomenon is caused by differential skill levels, while the latter is caused by differential 
wages. As skill levels and wages are generally directly or indirectly related, and the 
Dutch wage structure is fairly rigid, this distinction is in the first place of theoretical 
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interest. Both have the same consequence with respect to underutilization. 
Despite their differences of opinion, all authors agree on the fact, that crowding out has 
taken place on a large scale in the Netherlands during the first half of the 1980s, and that 
this phenomenon is made possible by a shortage of jobs at the higher segments of the 
labor market. These empirical studies show that the continuous pleas to utilize human 
capital have only sorted a limited effect. 
The interpretation of underutilization clearly differs. In a human resource perspective it is 
clearly an undesirable phenomenon. Wielers and Glebbeek, on the other hand, give 
several reasons why such a qualitative tension may have positive economic spin-offs in 
the form of lower schooling costs, higher job performance, and higher innovative 
potential. To this list Gerlach (1990) that overqualified personnel may form a pool which 
facilitates the (possible) future implementation of 'New Production Concepts'. On the 
other hand, underutilization may have negative effects on employee behavior and 
attitudes, as discussed in section 2.1. Taylor even prescribed underutilization in case of 
varying work: 'if the work to be done is of great variety [...] the men engaged should be 
too good for their jobs' (1903, 142). However, for two reasons integrative designs may 
also lead to a certain underutilization. 
In the first place, broad employee deployability goes hand in hand with functions 
consisting of a broad spectrum of tasks. The greater the deployability, the higher the 
chance that the skills needed to perform these tasks diverge. In the fulfilment of their 
functions, employees only have to make a limited use of skills needed for the most 
difficult tasks, i.e. there is a danger of creating underutilization combined with a broad 
deployability. The redundancy of functions (Overcapacity of functions in each person 
within the organization'; van Eijnatten, 1991, 5), prescribed in sociotechnical systems 
design, contains this potential problem (also see Morgan, 1986, 98-99). Furthermore, if 
the existing function renumeration systems value functions based on the highest skill level 
needed for any task in the function, the achievement of a broad deployability leads to a 
negative direct economic effect as the function is valued higher than would have been 
necessary if the simpler tasks were combined into separate functions, i.e. if the Babbage-
principle were applied. 
Secondly, integrative designs lead to rising skill levels, but recruiters may overestimate 
this impact. Steijn and de Witte (1985, 1106-1110) demonstrated that personnel managers 
responsible for recruiting perceived technical and organizational changes to necessitate 
higher skill levels. The tendency to signal rising skill levels was confirmed in a study by 
the branch organization in the metallurgie industries FME. On the general question 
whether education requirements had risen or fallen in the last few years, 45.4 percent 
responded 'higher', 51.1 percent 'equal', and 2.7 percent 'lower' (FME, 1990c, 15). As 
Steijn and de Witte notice, these higher requirements are not necessarily connected with a 
higher average job content, although this was perceived to rise as well. The personnel 
managers denied that the rising requirements were caused by the situation of high 
unemployment, but were due to upgrading. Yet such a conclusion is hard to combine with 
the statistical data presented in Tables 2.5 and 2.6. The rise in skill requirements may be 
due to perceived rather than actual upgrading. The perceived effect may be larger if 
integrative designs are actually implemented, but is even present in the absence of 
changing job contents. 
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Personnel shortages and design orientations 
Whereas the prescriptive plea to increase the qualitative dimension of the demand for 
labor contains a voluntary element in case of an abundant supply of labor, this situation 
changes in case of labor market shortages. In a tight labor market employees can be 
expected to be able to acquire jobs that fit with their skills. Underutilization is therefore 
not likely to occur in tight labor markets. This argument has to be seen in the light of 
segmented labor markets. Whereas a general scarcity of employees might result in fitting 
jobs for employees of all skill levels, the pattern changes in case of scarcity at some 
segments of the labor market. Given the fact that employees are able to perform tasks of 
a lower skill level, but are not likely to perform tasks above their skill level, scarcity is 
most likely to occur at the higher segments of the labor market. 
In his evaluation of integrative experiments in the Netherlands, Ramondt (1974, 114) 
discusses the role of personnel shortages. Work structuring is seen as an instrument to 
improve an organization's position on the labor market, both to recruit and to retain 
scarce personnel. Work structuring was aimed at labor requiring low skills such as 
assembly line jobs, thus at the market for unskilled work. However, Ramondt is sceptical 
about its effectiveness: 'Lowly qualified work is interchangeable to a great extent. Not the 
content of jobs, but wages are decisive for the [employee's; JB] choice for an employer. 
It is hardly possible to add aspects to work content, which can withhold employees from 
their market orientation' (1974, 114). Higher wages may compensate for the unattractive 
aspects of this work. 
Perhaps Ramondt's scepticism is somewhat exaggerated. Although offering higher wages 
is definitely a less strenuous way to improve ones labor market position than restructuring 
jobs, some arguments can be raised in favor of the latter policy. In the first place, higher 
wages increase labor costs, which is exactly the opposite of an important goal of 
fractionized designs. Secondly, legal constraints, function classification and renumeration 
systems, and fears to start a 'wage war' may limit the possibilities to increase wages. In 
the third place, improving an organization's labor market position has repeatedly been 
mentioned as an important motivation for integrative experiments in Sweden, a country 
with a persistent low unemployment. Fourthly, both measures may be taken simultaneous-
ly, which is even likely in case of coupling required skills and pay. 
On the other hand, increasing unemployment may alleviate or even resolve recruitment 
problems more or less automatically. Huijgen (1984) mentions three types of problems, 
that Dutch manufacturing enterprises with simple production encountered in the 1970s, 
namely: 
1 recruitment problems. 
2 problems with respect to employee behavior, including resignations, absenteeism 
and sabotage. 
3 organizational dysfunctions, due to employee behavior and organizational com-
plexity. 
With increasing unemployment the recruitment problems are alleviated, but the other 
problems remain. 
Work structuring and other integrative methods have been used to make jobs more 
attractive, which is especially relevant in those cases where the problems of fractionized 
organizations are most pressing, i.e. with jobs at the lower levels in the organization. 
Whereas a tight market for unskilled work stimulates the use of integrative methods at the 
lower end of the labor market, at the higher segments, personnel scarcity can have 
another result. This scarcity at a medium segment of the (technical) labor market may 
result in a higher rather than a lower division of labor. The market for technicians with 
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vocational training may provide as an illustration. One scarce category are CNC-program-
mers. The employers' organization for the metallurgie industries FME states in a report 
about the labor market: 'MTS'ers resign if they have to perform pure production work, 
('they want to program and be prepared for functions in middle management')' (1990, 
IS). Employers may see themselves forced to offer programming tasks to MTSers, if they 
want to keep the MTSers. The more mundane tasks will then remain for lower qualified 
employees. Another example illustration is found in Dutch health care. Out of a range of 
possible solutions, 'vertical differentiation of functions', splitting off simpler tasks from 
functions and combining them into newly created, low level functions, is sometimes used 
(Vissers et alii, 1991, 40-44), sometimes even recommended to alleviate recruitment 
problems. 
Conclusion and discussion 
Several conclusions can be drawn with respect to the relationships between labor 
organizations and the labor market. Firstly, the argument that changes in the labor 
organization are necessary because of the rising general level of education has to be 
considered as normative and prescriptive, rather than positive and descriptive. During the 
1980s, the gap between education levels and skill levels has widened. This phenomenon is 
not necessarily interpreted as negative: it has been argued that overskill leads to an 
increasing productivity. The increase of this gap was possible because of high unemploy-
ment levels, allowing employers to be very selective in the choice of their employees. 
This situation may change of course as labor markets tighten, as developments on the 
qualitative and quantitative dimensions of the labor market are interconnected. In that 
case, employees find themselves in the comfortable position of being able to choose the 
employers according to their preferences. 
Secondly, one of the elements playing a role in this choice is the job content offered, 
certainly if this is coupled to the wages via function classification and ^enumeration 
systems. A redesign of labor organizations is only likely to occur in case of a general 
scarcity of employees. In case of scarcity at some labor markets segments, the employees 
in these segments are likely to acquire jobs that fit with their skills at the expense of 
lower qualified employees, for whom the more mundane tasks are left. Hence, labor 
market shortages may prevent rather than stimulate the diffusion of integrative organiz-
ations. 
Thirdly, a polarization in the qualitative employment structure (at the macro-level) of blue 
collar manufacturing jobs has taken place in the Netherlands between 1977 and 198S. 
This is caused by the net elimination of jobs at the intermediate levels, with a constant or 
increasing employment at the extreme levels. This phenomenon is remarkable, given that 
one would expect to see the impact of an integrative design method such as MST 
precisely at the lowest level. 
Finally, the perceptions concerning skill levels of personnel managers in their role as 
recruiters are essential for the actual skills asked. Technical and organizational changes 
seem to nurture the perception that skill levels are rising, which leads to rising require-
ments posed on the education level of applicants. The application of integrative design 
principles may strengthen this relationship, possible even widening the gap between skill 
and education levels. 
A prospective lookout concerning future labor market developments is, by definition, 
speculative. Demographic developments, the European common market, the worldwide 
economic development, and the continuously increasing labor productivity are only four 
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out of ал almost endless list of factors affecting the demand and supply side of the labor 
market. The communis opinio for the short and medium term concerning the Netherlands, 
however, is that personnel shortages are likely to continue to exist, or even increase, at 
certain segments of the labor market. Personnel with lower and especially medium level 
vocational training are among these segments. Perhaps, this will result in a further 
polarization of the employment structure of manual workers in Dutch manufacturing. 
2.5 Research model and hypotheses 
In 1972, Child published an article in which he criticizes structural contingency theorists 
for neglecting decision making processes. Child sees the organizational structure as the 
resultant of decisions taken by the power holders in the organization, the 'dominant 
coalition'. He argues that the structural approach in which patterns of association between 
environmental and organizational characteristics are sought for, ignores the political 
processes, in which decisions concerning the future courses of action are taken. These 
'strategic choices' are made by the 'dominant coalition', i.e. those organizational 
members who hold the power to make this kind of decisions (generally construed as the 
'management'). The actions to be taken may concern the internal functioning of the 
organization, but also the manipulation of environmental factors or the selection of the 
environment to operate in. Child's analysis allows to take the interests and strategies of 
different parties within the organization into consideration, which is a pluralist point of 
view. Child's position is also voluntarist in that the parties involved are relatively free to 
take actions they perceive to be appropriate. The notion of design orientations introduced 
in section 2.1 fits into such an analysis, as they may influence the perceptions of the 
dominant coalition about the structure of the labor organization. Environmental conditions 
may put constraints on the long-term effectiveness of these strategic choices in the sense 
of organizational continuity, but in principle the dominant coalition is free to choose. This 
voluntarist standpoint allows a loose coupling between organizational structure and 
environmental conditions, as consequences of developments in the organizational environ­
ment (for instance, input and output markets, political situation, legislation, and economic 
prospects) have to be identified and later translated into appropriate actions (often via an 
internal political process). If a certain environmental development is overlooked, one may 
find a relationship between this factor and the organizational structure which does not 
seem to make sense. 
Child's focus on the process of decision making may not be incompatible with the 
position of the structural contingency theorists but can be seen as the other side of the 
same medal. Child focuses on decision making processes, where the structuralists studied 
the results of these decisions. When a large number of organizations is studied and all 
these organizations are scored on certain variables, a pattern between independent and 
dependent variables is likely to be found, irrespective of issues such as the underlying 
political processes leading to the formation of this pattern and whether or not this pattern 
could have been different, i.e. whether or not a certain degree of freedom exists. In a 
decision making perspective it can be interpreted as the dominant choice made by the 
majority of dominant coalitions within the organizations involved in the study. These 
decisions are postulated to be intentionally rational, i.e. in the interest of the dominant 
coalition according to the best judgments of this coalition. Such a rationality is not 
necessarily aimed at profit maximization as assumed in economic theories, but the 
organizational performance has to meet minimum profitability requirements in order to 
guarantee its long-term continuity. The intentional rationality also applies to the design 
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orientations adopted. 
Another issue that needs to be discussed here is the explanatory power of independent 
variables. One of the first sentences in the classical book Organizations' is: 'Authors are 
often convinced that the particular subjects with which they are dealing are more signifi-
cant than the world has acknowledged' (March and Simon, 19S8, 1). Analogous to this 
statement, one can state that by singling out one or a limited number of independent 
variable(-s) of a broader range, one intentionally or unintentionally creates the impres-
sion, that the selected variables provide a more important explanation than the unselected 
variables. Child criticizes the structural contingency theorists for concentrating on 
successively environmental characteristics, technology, and size. These individual factors 
may all play a role if the dominant coalition perceives these to be relevant and acts 
consequently, but it is this last step that is vital to explain structural variation. A similar 
phenomenon occurs in studies on the implementation of technical systems on the division 
of labor. By studying the changes in the labor organization coinciding with the introduc-
tion of technical systems, the impression is easily created that the technical system rather 
than the underlying design orientation determines the organization of labor. Here (he 
position is taken that the impact of technical systems on the division of labor is limited, 
although many studies suggest otherwise. 
Thus, stressing individual factors may lead to a neglect of other factors and interrelation-
ships between factors. A full and realistic account necessitates to take into account a 
multitude of factors, making the total model intransparent. Obviously, this ideographic 
standpoint can not be maintained in research involving more than one unit, for instance in 
comparative research. In the underlying study, some factors are selected which are 
generally assumed to influence the division of labor. Those factors are selected that are 
thought to be most relevant for the purpose of answering the central research question 
about the division of labor around industrial robots. Some hypotheses are formulated 
concerning the relationships studied. These hypotheses function as a guideline to structure 
the discussions in the following. 
Figure 2.2 is a graphical representation of the relationships between the aspects discussed 
in the preceding sections. 
Figure 2.2 : Research model 
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The model is a modification of a model used by the OSA, a Dutch foundation commis-
sioning and financing research on labor studies. The model is used in many Dutch 
research projects as well as in the last two biannual summarizing reports of the OSA 
(1990 and 1992). For the purpose of this discussion Figure 2.2 shows reciprocal relation-
ships between the distinguished elements (depicted by arrows). Rather than discussing the 
often unsolvable issue of the direction of the causality, the focus is on the interdependence 
of the elements (cfr. Sorge and Streeck, 1988). An important reason for this is the 
prevention of 'chicken and egg'-like questions such as 'does strategy follow structure' or 
is it the other way around? Probably, both are possible, the quintessence being that 
strategy and structure have to fit together. Structural characteristics may give rise to a 
new strategy but a new strategy can also be the basis for changing structural characteris-
tics. Such a construction allows for a substantial degree of freedom, as organizations may 
intervene at various points. Given a certain production organization one can focus on 
certain markets ('strategy follows structure'), or having found an attractive market niche, 
one can gear its production organization to the niche. The process can be deliberate or 
emergent. Having selected a product market, the organization may try to influence the 
market conditions by measures concerning the competitive structure and\or marketing 
(Child, 1972). 
One modification of Figure 2.2 compared with the OSA model concerns the omission of 
the 'production organization'. Under influence of MST, much Dutch literature makes a 
distinction between 'production organization' and 'labor organization'. Whereas labor 
organization refers to the division of labor over employees, the notion of 'production 
organization' has been used at various aggregation levels. The OSA uses the term for 'the 
way in which the activities to be performed are brought together into groups and mutually 
connected' (1990, 81) and gives as examples a line structure, a functional structure and a 
group structure. These same three structures are used in the COB\SER study which 
defines production organization as 'the way in which people and (CNC-) machines 
grouped c.q. coupled' (1988, 22). The OSA and COB\SER refer to coupling of working 
stations within the manufacturing department. The line and functional lay-out are typically 
associated with fractionized organizations, whereas the group lay-out is seen as facilitating 
the implementation of the integrative form of group work. Next to the grouping of 
machines or work stations within the manufacturing department 'production organization' 
has also been used to denote the division of labor over several departments (Alders and 
Christis, 1988b). These different aggregation levels are not always distinguished. For 
instance, the OSA mentions 'line organization' and 'autonomous task groups' as examples 
of production organization (1992, 85). Because of these ambiguities together with the 
focus in the empirical part on stand-alone working stations, the term 'production 
organization' will no longer be used in this study. Instead, the intra-departmental division 
of labor is referred to as the 'vertical dimension' of the division of labor and the 
interdepartmental division of labor is called the 'horizontal dimension' of the division of 
labor, thereby acknowledging that both dimensions are merely manifestations of the same 
phenomenon at different aggregation levels. 
Two different kinds of the division of labor can be distinguished namely the technical 
division of labor and the internal division of labor. The technical division of labor is the 
assignment of tasks to machines respectively human beings. The term 'internal division of 
labor' is reserved for the (vertical and horizontal) division of labor within the organiz-
ation, i.e. the assignment of tasks to individual organization members. 
By distinguishing a technical and internal division of labor it is implicitly acknowledged, 
that technical systems influence the division of labor. The steady introduction of new 
technical systems ('mechanization' or 'automation'; the distinction becomes increasingly 
52 
blurred with the introduction of micro-electronic control elements in traditional machines) 
in organizations generally aims to replace human beings by machines. This elimination of 
work for human beings is supplemented by the simultaneous creation of machine-related 
tasks. Hence, the implementation of a new technical system leads to changes in the 
organizational task pool, i.e. the totality of tasks that have to be performed within an 
organization. Whereas these changes are often incremental from the point of view of the 
organization, they may be substantial at the workspot(-s) affected. Its way of operation is 
a (mechanical) characteristic of a technical system but may pose demands on the required 
skills, which will be discussed in more detail below. 
If the influence of the introduction of any new technical system on the division of labor is 
investigated, the changed organizational task pool is only one, and not even the most 
important part of the explanation for changes in the division of labor. More important is 
the internal division of labor: how are the tasks, that together make up the organizational 
task pool, assigned to individual employees? Deskilling, reskilling, or polarization may 
not be attributed to a new technical system, but are in the first place a result of assigning 
tasks to employees. Thus, hypothesis 1 is formulated: 
HI : The application of organizational design orientations is independent from 
the technical system(-s) used. 
Labor organizations can be divided into two polar types namely the fractionized and 
integrative organization, depending on the extent of the division of labor. In the 
fractionized organization the division of labor is maximized, while the integrative 
organization strives toward a minimalization of the division of labor. This characteristic 
has consequences for many characteristics of jobs such as the extent employees are able 
to, and actually perform various jobs, the number of hierarchical levels, and employee 
attitudes and behavior. The rules to divide the organizational task pool over organizational 
members can be made explicit via the application of specific design methods, but often 
remain implicit, although the general logic of the minimalization c.q. maximalization of 
the internal division of labor can be construed as manifestations of design orientations. 
Any organizational task pool whether affected by the implementation of a new technical 
system or not is divided over a number of employees via such design rules. Deskilling, 
reskilling and polarization can occur independently of changes in technical systems. 
Technical systems as such play a minor role. As argued in section 2.2, even technical 
systems that are explicitly developed with an integrative labor organization in mind, may 
be used in a fractionized organization. The same example also demonstrates that technical 
systems do not necessarily have to be taken as a given. Human design criteria can be 
taken into account, provided these can be specified. A similar but reverse process has 
taken place in the case of some larger production systems, in the sense of a combination 
of individual machines into one technically integrated production system. These may 
incorporate decisions with respect to the labor organization, such as machine-paced 
working stations in an assembly line. This may not be interpreted as technical 
determinism, i.e., the technical systems (directly) determines (part of) the labor organi-
zation but rather as the often implicit application of organizational design rules in a 
technical design. 
The organization does not operate in an environmental vacuum. In sections 2.3 and 2.4 
the product and labor markets were discussed. These are located respectively at the output 
and input side of an organization. At the labor market the organization purchases labor as 
its input which is a central production factor, creating output to be sold at the product 
markets. 
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At product markets, the 'flexibility paradigm' (Okko, 1992) seems to have become the 
dominant paradigm. This means that compared to earlier periods, the output characteris-
tics product range, product variability, and product complexity have increased and batch 
sizes have decreased. The empirical basis for this trend is at best shaky, although a large 
number of authors describe a similar trend. Statistical and longitudinal data are lacking, 
which makes it impossible to assess its diffusion. Probably, large inter- and intra-branch 
differences occur. 
The output characteristics are likely to have consequences for the division of labor at 
workspot level, as is more precisely formulated in hypothesis 2: 
H2 : The lower product complexity, the smaller product variability, the smaller 
the product range and the larger the batch sizes, the less likely it is, that 
integrated jobs are found. 
In empirical research, the appropriate aggregation level of these output characteristics has 
to be taken into account. At the shopfloor of a 'flexible firm', the output characteristics 
may be ideal for a fractionized organization, if modular product design, or a similar 
technique, is applied (hypothesis 3). 
H3 : The application of variety reducing techniques such as modular product 
design and cellular manufacturing, change output characteristics in such a 
way, that favorable conditions are created for the application of fractionized 
organization designs. 
The term 'function structure' can be seen as an equivalent of 'labor organization'. By 
applying design rules to the organizational task pool, tasks are grouped into functions, 
which together make up the function structure. This function structure forms the organiz-
ation's demand for labor, which can be confronted with the supply of labor. In section 
2.4, underutilization was shown to be a common phenomenon during the first half of the 
1980s in the Netherlands, due to persistent high unemployment levels. The claim that the 
qualitative employment level has to be raised by applying integrative designs was called 
normative and prescriptive, as it sharply contrasts with the actual trends on the labor 
market. However, with a decreasing unemployment, this situation may change, as 
employers may see themselves forced to offer qualitatively better jobs in order to be able 
to attract and retain personnel. Here a distinction has to be made between a general 
scarcity of personnel on all labor market segments, or shortages at specific segments or 
on specific levels within those segments. Where scarcity exists, the scarce employees are 
able to select attractive jobs. The attractiveness of jobs is likely to be related to its 
content, either directly or indirectly via the coupling of job content to wages. At the 
intermediate labor market segments, scarcity may lead to the creation of functions 
consisting of tasks perceived to be attractive by the scarce category of personnel, leaving 
unattractive tasks for lower skilled personnel (hypothesis 4). 
H4 : Labor market scarcity at intermediate segments forms an obstacle for the 
application of integrative designs. 
Thus, even if integrative tendencies occur, they do not necessarily lead to regradation. 
Underutilization is likely to disappear when unemployment resolves, but possibly only at 
those particular segments, where personnel shortages occur. 
Furthermore, perceived uncertainty concerning future developments and a (perceived) 
increased need for innovation may induce employers to raise skill requirements, especially 
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if integrative designs are used and a larger variety of tasks is combined into functions. 
Because of these factors and because employers seem to expect benefits from hiring over-
qualified employees, the widespread underutilization can be expected to persist in the 
future. 
Besides the product and labor markets, various other environmental parts may influence 
the internal division of labor. Technical and economic developments, governmental 
policies and legislation, the system of industrial relations, national cultures, dominant 
philosophies of life for instance reflected in political systems, may all to a certain extent 
influence organizations, and hence the internal division of labor as reflected in the 
organizational structure. It goes without saying that an elaborate discussion of all these 
factors goes beyond the scope of this study. On the other hand, some concise discussion 
seems necessary. 
Culturalist (Hofstede, 1980 and 1990) and institutionalist (Lane, 1989; Sorge, 1991; 
O'Reilly, 1992) studies point to, and provide interpretations of, national differences in 
labor organizations. According to the Aix-school (Maurice, Sorge and Warner, 1980; 
Sorge, 1991) German organizations have less hierarchical levels and employ more 
craftsmen than comparable French and British organizations. These differences are 
attributed to different educational systems and career patterns, which are in use in these 
countries. For instance, the widely used German apprenticeship system provides a steady 
supply of skilled workers, whereas French organizations rely on semi-skilled and 
unskilled personnel. In this way, the qualitative level of labor supply influences the 
organization structure. Hofstede points to cultural differences between countries, defined 
as 'the collective programming of the mind that distinguishes the members of one 
category from another' (Hofstede and Bond, 1986, 6). At the national level, Hofstede 
mentions five different dimensions to categorize cultural differences, which may influence 
the effectiveness of particular organizational forms in certain countries. For instance, the 
disagreement between the American Taylor and Frenchman Fayol concerning the unity of 
command which was mentioned in section 2.1, is traced back to such cultural differences 
(Hofstede, 1990, 146-148). Although such connections between psychological values 
dominating in a certain country and organizational practices have a certain value, 
institutionalists would point to different national institutions as the primary source of 
explanation for national differences. Within the scene set by different national frame-
works, universal economic principles apply (cfr. Sorge and Warner, 1986, 40-42). 
Unfortunately, the Netherlands have not been included in this kind of international 
comparative research, with one recent exception. According to Mason, Prais and van Ark 
(1992), who studied Dutch and British food-processing and engineering firms, the Dutch 
educational system is close to the German one. 
To hold the national environment constant, the pragmatic solution was chosen to concen-
trate the empirical work on the Netherlands. By delineating the area of research geo-
graphically, institutional and cultural factors are largely neutralized. 
Finally, a note has to be made on technical developments. The other major production 
factor, next to labor, are technical systems. These are bought on the external market or 
developed internally. In either cases, factors such as the technical state-of-the-art, 
knowledge about the availability of technical systems, and the macro-economic diffusion 
of technical systems play a role in decisions of individual organizations to adopt certain 
machinery as discussed in chapter three. 
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CHAPTER THREE 
AUTOMATED MANUFACTURING 
The term 'automation' is not unambiguous. It can either refer to 'automatic' or to 
'automated' processes. 'Automatic' means 'having a process proceed automatically', i.e. 
without human intervention. This can be realized by means of a host of techniques. 
Nowadays, the most common control form of automatic process control involves the use 
of micro-electronics. Thus, in the remainder of this study 'automated' refers to the use of 
micro-electronics to control production processes. As all production processes need to be 
controlled, the potential use of automated production control is nearly limitless. Such 
control may apply to standard situations where process parameters need to stay within 
pre-set values, or to dynamic situations where the values of the parameters or even the 
parameters themselves are changed. 
In the first section of this chapter, the abstract notion of 'technical systems' as used in the 
preceding chapter is made more concrete by describing the three most common forms of 
automated manufacturing, namely numerical controlled machines, industrial robots, and 
Flexible Manufacturing Machines. To gain insight into the importance of these automated 
manufacturing techniques, section 3.2 addresses their diffusion in the Netherlands. 
Section 3.3 concludes this chapter in the conventional way. 
3.1 Forms of automated manufacturing 
The words 'production' and 'manufacturing' are frequently used interchangeably. Yet, 
manufacturing is only one stage of the production process. Production includes functions 
such as product design, work preparation, production planning next to manufacturing 
operations. All these functions can be automated to a certain extent. For instance, 
automated production planning and control systems may or may not include a shopfloor 
control module, and in contrast to the calculative phases, the creative phases of the design 
process are generally not automated. The same can be said for manufacturing, which is 
the focus here. Figure 3.1 (see page 58) is a graphical representation of the various 
production activities and the terms for their automated forms. A word of warning is in 
place here, as there exists a considerable semantic confusion around some of these terms. 
'Computer-aided' (CA) refers to the use of a controlling computer combined with 
equipment for, respectively, design, work (or production) preparation, logistics, and 
manufacturing. As used in Figure 3.1, 'CAM' refers to the linking of manufacturing, 
production planning and work preparation, but the same term has also been used to 
describe different forms of automated manufacturing. 'CIM' generally refers to the 
highest form of automated manufacturing, in which all production stages are linked. A 
requirement for CIM is that data are transferable between the different technical compo-
nents. 
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Figure 3.1 : Automated production 
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There are many manufacturing operations involving different transformation activities, 
used in different manufacturing industries, and transforming varying materials, each 
having their own specific physical characteristics, which influence the degree to which it 
is technically possible to automate the manufacturing process. According to Groover 
(1987, 20), for a firm engaged in making discrete products, manufacturing consists of the 
following functions: 
1 Processing. 
2 Assembly and joining. 
3 Material storage and handling. 
4 Inspection and testing. 
5 Control. 
All functions may be automated to a certain extent. Processing and assembly are the two 
phases in which processes take place that are both physical and value-adding. In proces­
sing operations, the product is transformed from one stage to the next. In the transfor­
mation, some characteristic of the product is changed, such as its shape or a physical 
property. Processing operations can be subdivided in four categories; 
1 Basic processes, in which the initial form is given to the work material. Examples 
include casting and moulding. 
2 Secondary processes, in which the final desired geometry is given to the product. 
Examples are turning and pressworking operations. 
3 Operations to enhance physical properties, for instance heat-treating and 
preshrinking. 
4 Finishing operations, such as polishing, painting, and zincing. 
In assembly processes, two or more parts are joined together either by mechanical 
fastening operations (assembly) or joining processes such as welding, glueing, and 
soldering. 
The various kinds of operations can be automated by means of (C)NC-machines and/or 
industrial robots. The latter are predominantly being put to use in assembly, joining, and 
handling, whereas the former typically concern processing. 
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NC, CNC and DNC 
Numerical control (NC), which was first introduced in the 1950s, as an alternative to 
'Record Playback' (see section 2.2). 'NC is a form of programmable automation in which 
the processing of equipment is controlled by means of numbers, letters, and other 
symbols. The numbers, letters, and symbols are coded in appropriate format to define a 
program of instructions for a particular workpart or job. When the job changes, the 
program of instructions is changed. [...] A numerical control system consists of the 
following three basic components: 
1 Program of instructions. 
2 Machine control unit. 
3 Processing equipment. 
[...] The program is fed into the control unit, which directs the processing equipment 
accordingly' (Groover, 1987, 199-200). Typical NC-machines are controlled by means of 
punched tapes, which were later replaced by more advanced data storage devices. If the 
machine control unit consists of a computer (generally a PC), the numerical control 
system is computerized: 'CNC-systems', which were first introduced in the mid 1970s. 
Thus, the difference between NC- and CNC-machines concerns only the control system. 
As practically all control systems are CNC-systems nowadays, the distinction has lost its 
meaning, and often 'NC' is used to denote both. A direct numerical control system, or 
'DNC', uses a central computer to direct the operations of a number of separate NC-
machines. 
The most common application of NC is controlling machine tools, which can be used for 
a variety of operations, such as drilling, milling, turning, shaping, and grinding. These 
operations can be described by means of parameters (the speed, the depth, and the feed), 
which makes it possible to control the machining conditions. The program contains these 
parameters. Other applications of NC include cutting, bending, wrapping wire, inserting 
components, and measuring coordinates. 
An important advantage of NC-machines above conventionally controlled machines, is 
that several operations can be performed in one set-up in so-called 'machining centres'. 
Machining centres are NC-machines with some special features. They typically have the 
capability to change tools automatically, automatic workpart positioning, and a pallet 
shuttle, which allows for continuous operation. Finally, NC-machines make some 
complex machining operations possible, which could previously not be performed. 
CNC-programming methods can be divided into three categories (de Korte, 1991): 
1 universal programming methods. 
2 machine-specific programming methods. 
3 MCU-programming (MCU = Machine Control Unit). 
Universal programming methods make processing programs independently from the 
specific processing machine, which results in a so-called 'Cutter Location File' (CL-file). 
The machine-specific program is generated from this CL-file by means of a post-
processor. The major advantage is that the same CL-file can be used for various 
machines, which is not possible using machine-specific programming methods. Universal 
programming methods make a link with CAD-systems possible. 
Both universal and machine-specific programming methods make use of a programming 
computer, external to the CNC-machine. In case of machine-specific methods, the 
programming system used on this external computer has to be identical to the program-
ming system used on the actual CNC-machine. With MCU-programming, the CNC-
machine's controlling computer itself is used to write programs. The difference between 
machine-specific and MCU-programming methods thus concerns the location of the 
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programming computer, which is respectively external to the machine or internal. 
Besides these programming methods, some other terms need clarification. Shopfloor 
programming, also called 'machine programming', means writing programs at the CNC-
machine itself, for which especially MCU-programming is suitable. When computerized 
control systems were first introduced in the mid 1970s, they enabled to edit, and later to 
write programs by means of shopfloor programming. However, this had the important 
disadvantage of machine downtime, as the machine's MCU had to be used for program-
ming. When parallel programming, which allows programming during machine operation, 
became available, the solution for this problem was found. Nowadays, parallel program-
ming is often a standard feature of NC-machines. 
Industrial robots 
The confusion around industrial robots is substantial. Robot pioneer Joseph Engelberger is 
quoted by Reijers and de Haas as follows: 
'I cannot define a robot, but I can tell you for sure when I see one' (1986). 
Various definitions exist in several countries. An important difference between these 
definitions concerns the number of freely programmable axes, or 'degrees of freedom'. 
The definition of the Japanese Industrial Robot Association JIRA in particular contrasts 
with Western definitions. The former definition acknowledges manipulators with two 
degrees of freedom as robots, while the latter are more restrictive with respect to the 
degrees of freedom a robot must have. The International Standards Organization ISO 
defines 'manipulating industrial robot' as follows: 
'An automatically controlled, reprogrammable, multi-purpose, manipulative 
machine with several degrees of freedom, which may be either fixed in place or 
mobile for use in industrial application' (ISO/TR 8373, in: Karlsson, 1991, 2) 
This definition was also adopted by the International Federation of Robotics IFR. 
Although it does not specify the number of degrees of freedom necessary to be acknowl-
edged as a robot, there seems to be a communis opinio in the Western world that this 
number should be at least four. International comparisons of diffusion rates (Karlsson, 
1991; Tani, 1992; Vickery and Campbell, 1989) may show some distortions because of 
this lack of consensus. 
Robots can be used for a variety of operations, both in manufacturing and other indus-
tries. Worldwide, the most popular applications of industrial robots include arc welding, 
spot welding, parts and tool handling, and assembly (Karlsson, 1991, 131-154). A new 
area of development concerns micro-robotics, which are often used for assembly 
operations. Non-industrial applications of robots include agricultural uses, cleaning of 
nuclear waste, detecting bombs and underwater robots. 
The general public, fed by articles in the popular press, seems to hold an image of the 
robot as a supermachine, fitted to produce flexibly a large range of products and perform 
many different operations. Various elements of the ISO definition confirm this image of 
'flexibility', namely 'reprogrammable', 'multi-purpose', and 'several degrees of free-
dom'. However, as will be argued in the following, the use of robots is far more 
restricted than the definition suggests. Two elements of the ISO definition deserve special 
attention in this respect, namely: 
the multifunctionality ('multi-purpose') of industrial robots, which is determined 
by the robot's body and its effectors. 
the reprogrammability of industrial robots, which is determined by the used 
programming method. 
The degrees of freedom refer to the number of axes. Most robot bodies consist of three 
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freely programmable axes, which can be moved via translations or rotations. The 
combination of translational and rotational axes is called 'kinematical configuration', and 
can be denoted by capital letters; 'RTT' stands for the combination of one rotation and 
two translations. In 1988, the RRR-configuration was the most popular configuration in 
the Netherlands. As far as the quality of the dataset allowed to draw conclusions, 85 
percent of all Dutch industrial robots in 1988 had an RRR configuration. The RRR-
configuration is used for at least eight different applications (Benders, 1991a, 803). Such 
broad variety of applications might have helped to give the robot an aura of multifunc-
tionality. However, the body of a robot needs to be supplemented by effectors, which are 
grippers or tools to perform the specific operations the robot is purchased for. These 
effectors often form a substantial part of the investment in robots, as they frequently have 
to be designed and made according to customer specifications. It is not unusual that 
effectors and other peripheral equipment make up two thirds of the total investment in a 
robot system. Given the fact that effectors are always specific for some application and 
often for a specific production process, the multifunctionality of industrial robots is 
limited by the extent to which the effectors are specific. Furthermore, switching effectors 
causes a loss of production time. Finally, robots are sometimes used as part of a larger 
technical system, within which they perform some specialized task (often parts handling). 
Thus, hardly any robot is used for more than one particular application. Robots which are 
included in larger technical systems may form exceptions: some of these perform two or 
more operations one after the other, and thus have to switch tools repeatedly. However, 
most robots have to be characterized as dedicated machines. Many robot producers are 
even specializing on certain applications such as arc welding. 
Although many industrial robots are controlled by means of NC, the way of programming 
robots is generally different from the programming methods used for CNC-machines. An 
important difference between robots and CNC-machines concerns their geometry. 
Whereas machining tools and workpieces are often placed in relatively fixed positions, 
which can be easily mathematically modelled and controlled, the complex geometry of 
industrial robots makes the necessary calculations substantially more difficult, especially if 
many rotating axes are used. There are several (computerized) programming methods for 
industrial robots: 
1 Leadthrough programming ('teach-in'), which has two variants: 
a. manual leadthrough 
b. powered leadthrough. 
2 Textual language programming or computer-like programming methods. 
3 Off-line programming. 
Leadthrough programming requires the programmer to move the robot arm through the 
desired motion path, which can either be done manually or via a 'teach pendant'. Manual 
leadthrough is only occasionally used. It is convenient to describe irregular motion 
patterns such as in paint spraying. Powered leadthrough is probably the most common 
programming method. It is suited for point-to-point control, as used in arc welding. A 
teach pendant is a hand-held control box, which has toggle switches or contact buttons for 
controlling the movements of the robot arm. The operator drives the robot arm into the 
desired positions, which are recorded in the memory. During subsequent playback, the 
robot moves through this sequence of position on its own power. This form of robot 
programming can only be done on-line, which may lead to considerable downtime of the 
robot. Therefore, this programming method can only profitably used when substantial 
numbers of a specific product have to be produced, i.e. long production runs and batches 
(Groover, 1987, 320-325). 
Textual language programming is fairly similar to CNC-programming. A number of 
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abstract instructions, 'textual statements', make up a computer program. For instance, 
'MOVE X2' means that the robot has to move to point X2. Advantages of this program-
ming method include the possibility to use enhanced sensor capabilities, improved logic 
control, and possibilities to communicate with other computer systems. In motion 
programming, textual statements are used to describe the movement, but leadthrough 
techniques are used to define the position and orientation of the robot. The statement 
'HERE X2' then means, that the reference point X2 is fed into the robot's control 
system. This combination of programming methods led to the name 'hybrid programming 
methods'. Input signals from sensors can be used in so-called 'interlock commands', 
which may start or end robot movements. 
Pure textual language programming can be seen as one form of off-line programming. 
Perhaps, off-line programming can be defined best as 'a way of programming in which 
ready-to-use programs are written on an external computer'. The element 'ready-to-use' 
means, that it is no longer necessary to adjust the program to the actual robot set-up as is 
the case with hybrid programming. Although development work on off-line robot 
programming languages started in the late 1970s, they are scarcely used, mainly because 
of the substantial investments in an off-line programming package and 'calibration' 
difficulties. Calibration is the process of adjusting for geometrical differences between the 
model used by the off-line system and the actual robot cell, and forms a major obstacle 
for the use of off-line programming (MacConaill, Drews and Robroek, 1991). 
Compared with on-line programming methods, off-line programming has the advantage 
that programming and regular production can proceed simultaneously. Thus, program-
ming does not lead to a loss of production time. A second, probably more important 
reason to use off-line programming, is the simulation of robotized cells. Graphical off-line 
packages allow to simulate these cells in order to optimize their design. Robot producers 
and suppliers may use this option. However, a graphical module is not necessarily part of 
an off-line programming system: a spreadsheet may suffice. Furthermore, their use may 
become necessary if robots are integrated into larger production systems (data transfer), 
and if there are high precision requirements (Vermeulen, 1985, 408). 
Although Gorbachev et al. (1991, 24) mention over 90 known systems, few cases of 
actual implementations are known (MacConaill, Drews and Robroek, 1991). Assembly is 
the main application area, although welding becomes increasingly important (cfr. 
Hollingum, 1991). In the Netherlands, the (non-graphical) package ARAC was developed 
for cutting and welding purposes. 
According to Scherff (1989), off-line programming suffers from the disadvantage that it is 
not done at the actual workspot. She argues that the necessary knowledge to work with 
graphical techniques is generally not present on the shop floor. This makes the programs 
susceptible to programming faults, as vital operator knowledge can not be used. Therefo-
re, the Aachen, Germany, based RWTH developed a speech-driven programming method, 
which allows operators to compose programs. 
Another development concerns the possibility of parallel programming, which some robot 
suppliers offer. Parallel programming also allows programming during the operation of 
the robot. 
Flexible Manufacturing Systems 
Early developments on Flexible Manufacturing Systems took place around 1970. Flexible 
Manufacturing Systems exist. Especially in the first half of the 1980s several forms of 
Flexible Manufacturing configurations were distinguished (FM units, modules, cells, 
systems, factories), but only the distinction between FM Cells and FM Systems seems to 
have lasted. By comparing various definitions (Verbraeken, 1982, 40; Bilderbeek and 
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Kalff, 1985, 40-46; Economie Commission for Europe, 1986, 13-19; Groover, 1987, 
464), the following list of minimum requirements to be classified as a FMS was com-
pelled: 
it should consist of at least four machines. 
between which workpieces are transported automatically. 
which are centrally computer controlled (generally by a DNC). 
and have a tool magazine, a pallet magazine, as well as automatic tool and pallet 
changing devices. 
load and unload stations. 
workpiece routing is automated. 
Additional features may include: 
automatic tool inspection. 
automatic workpiece inspection. 
storage of half and end products. 
Less complex configurations are labelled *FMC', whereby the number of machines is 
seen as essential: FMCs consist of a maximum of three machines. Industrial robots can be 
incorporated into a FMC\FMS to perform functions such as material handling and tool 
switching. Groover (1987, 464) makes a distinction between dedicated and random-order 
FMSs. Dedicated FMSs are designed to produce a limited variety of workpieces, while 
random-order FMSs can handle substantial variations in the number of workpieces. The 
latter system is more advanced; it needs more tools and a more sophisticated computer 
control system, and is therefor more expensive. 
3.2 The diffusion of automated manufacturing in the Netherlands 
The most reliable and complete data concerning the diffusion of manufacturing automation 
in the Netherlands are provided by the Dutch Central Bureau for Statistics, CBS. The 
information in this section, which is not reported in these publications, was gathered by a 
telephonic interview with the responsible CBS researcher. The CBS data are occasionally 
supplemented with data from other sources, if these provide additional insight. 
Before presenting the CBS data, attention has to be paid to the CBS definitions c.q 
descriptions. Computer Aided Manufacturing CAM is described as 'all use of computer 
controlled machinery for manufacturing products, which can range from discrete semi-
manufactured articles to end products (like furniture) on the one hand to non-discrete 
('flow') products, such as oil-based and pharmaceutical products' on the other hand (CBS, 
1991, 39). Data are also presented for (C)NC-machines, DNC-machines and industrial 
robots. DNC-machines are (C)NC-machines which are linked to each other and controlled 
from one central point (CBS, 1991, 44). Flexible Manufacturing Systems are not included 
as a separate category. Concerning industrial robots the following statement is made: 
'Although in the questionnaire robots are considered to be handling appliances that have 
two or more freely programmable axes, further research showed that the robots included 
have at least three degrees of freedom' (CBS, 1991, 44), which refers to a reliability 
check after the initial data had been gathered. 
Tables 3.1 and 3.2 (see page 64) contain the absolute numbers of CNC-machines, DNC-
machines and industrial robots. The data for 1986 and 1990 are prognoses. In 1986 and 
1990, firms were asked to give their investment plans concerning the forms distinguished. 
The 1986 data exclude the first-time users, the 1990 data include this category. 
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Table 3.1 : Absolute numbers of CNC-machines and DNC-machines in Dutch 
manufacturing, 1988 and 1990 
Machine 
CNC 
DNC 
Branch 
Food processing 
Textile \ leather 
Paper \ graphics 
Metallurgie 
Other branches 
Total 
Food processing 
Textile \ leather 
Paper \ graphics 
Metallurgie 
Other branches 
Total 
1988 
1724 
281 
1191 
5647 
931 
9774 
3167 
153 
227 
941 
1962 
4770 
1990 
2086 
454 
2373 
7566 
1310 
13789 
3966 
375 
298 
1654 
4719 
6736 
Source: CBS, 1991, ρ 45 
Table 3.2 : Industrial robots in Dutch manufacturing from 1984 to 1990 
Branch 
Food processing 
Textile \ leather 
Paper \ graphics 
Metallurgie 
Other branches 
Total 
1984 
15 
7 
34 
335 
53 
444 
1986 
19 
18 
36 
636 
83 
792 
1988 
10 
0 
73 
753 
38 
874 
1990 
56 
12 
161 
1043 
69 
1341 
Sources : CBS, 1987, ρ 33 and 1991, ρ 46 
Table 3.3 (see page 65) provides data on the relative diffusion of automated manufac­
turing in a number of industrial branches, and makes it possible to relate the data to the 
sizes of these branches. 
64 
Table 3.3 : CAM in Dutch manufacturing, 1984 - 1988 (user firms as a percentage 
of the total number of firms per branch) 
Branch 
Food processing 
Textile \ leather 
Paper \ graphics 
Metallurgie 
Other branches 
1984 
11 
9 
18 
16 
12 
1986 
17 
17 
22 
25 
21 
1988 
17 
17 
28 
29 
25 
Sources : CBS, 1987, ρ 25 and 1991, ρ 40 
The CBS data were collected by means of a large, representative survey (sample of one 
third of the population; response rate of 67 percent). With respect to some items, a small 
numbers' problem occurs. 
From Tables 3.1, 3.2 and 3.3, several conclusions can be drawn with respect to the 
diffusion rates of the forms distinguished in the various industrial branches, and their 
development from 1984 onward. Firstly, (C)NC-machines are used most widely, followed 
by DNC-machines and industrial robots. Especially industrial robots are far less common 
than (C)NC- and DNC-machines. Secondly, from 1984 onwards, the use of all forms has 
increased in probably all branches. The absence of this result for the textiles and leather 
industries, and the food processing industry (Tables 3.2 and 3.3) may be attributable to 
the small size of their representation in the CBS samples, machines that are no longer 
being used, and the non-realization of the (possibly too optimistic) expectations about 
future investments. Thirdly, the diffusion rates of the investigated forms vary consider­
ably over several branches of industry. The metallurgie industries are the main users of 
CNC-machines and industrial robots; more than three quarters of all robots are applied in 
metallurgie industries. DNC-machines are used more widely in food processing and 
'other' industries. 
These differences can be explained by various factors (Bilderbeek and Kalff, 1985). 
Firstly, the state of the art of automating manufacturing processes varies, which is related 
to the character of the operations to be automated as well as the physical properties of the 
materials used. For instance, assembly operations are relatively hard to automate. The 
same holds for materials, that have non-homogeneous properties, such as leather and 
timber (Bilderbeek and Kalff, 1985). The processing characteristics of homogeneous 
materials such as metal are (relatively) easy to model mathematically, which is a 
precondition for writing programs. Secondly, the average organization size in these bran­
ches varies, which is related to factors as the availability of financial resources and 
possibly to output characteristics (see below for a more elaborate discussion of these 
factors). Branches with many large firms, i.e. a high degree of concentration, are likely 
to have higher levels of automated machinery. 
According to Hagedoorn, 'Sophisticated systems of automated manufacturing such as 
Computer Integrated Manufacturing Systems are reserved for the very large and large 
companies. Lower levels of automation and incremental improvements are more appro-
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priate for small and medium-sized companies' (1988, 49). Table 3.4 contains data about 
the use of automated manufacturing in firms of different sizes (measured in number of 
employees). 
Table 3.4 : Finn size and use of automated manufacturing, the Netherlands, 1988 
(user firms as a percentage of the total number of firms per size 
category).1 
Organization size 
(number of employees) 
5-20 
20- 100 
100 - more 
CNC 
15.6 
27.5 
40.9 
DNC 
2.5 
4.7 
12.9 
Robots 
1.7 
2.6 
8.2 
Source : Calculated from CBS, 1991, pp 40 and 45-46 
From Table 3.4, it follows that the firm size is positively related to the use of automated 
manufacturing, which holds for all three forms, and is confirmed in Poutsma (1991, 44). 
Especially DNC-machines and industrial robots are used more widely in the largest size 
category. For DNC-machines, this may be due to the situation in the process industries as 
described above. Concerning the use of industrial robots, it has to be noted that the 
presence of two large users, namely the NedCar (former Volvo) automobile plant in 
Born, which includes a spot welding line (also see section 4.3), and Philips (several large 
assembly plants), probably increases the average substantially. As both the DNC-
machines in processing industries, and many industrial robots in the NedCar and Philips 
plants are probably part of larger automated systems, this can be read as a confirmation 
of Hagedoom's statement, that large firms are more likely to use sophisticated systems, 
while small and medium-sized firms tend to use stand alone equipment. 
There are several explanations for the larger use of automated manufacturing in large 
firms (Bilderbeek and Kalff, 1985): 
Large firms can expect to possess or have access to larger financial resources. As 
prices of the several appliances gradually drop, and gradual advances in R&D and 
technical knowledge are made, this argument can be expected to loose weight over time. 
The risk of investing in automated manufacturing appliances may very well be 
larger for small firms. As a proportion of total investments, investments in automated 
manufacturing are often substantial, as many projects are tailored to customer needs. The 
effects of implementing such new production techniques on the entire organization may be 
perceived to be more drastic than in larger organizations. 
The level of knowledge, which is a key factor leading to the adoption of new 
production techniques (Rogers, 1962, 13; Schunemann and Bruns, 1986), about automated 
manufacturing is often quite low in small organizations (Docter and Stokman, 1987; 
Stokman, de Groot and Leurs, 1989, 77; KNOV, 1991, 47). Docter and Stokman 
By international standards, other size categories might be more appropriate. In the Netherlands, small 
and medium-sized enterprises are considered to have less than 100 employees (Stokman, de Groot and Leurs, 
1989, S). 
66 
(1987,94) report, that Dutch small and medium-sized manufacturing organizations 
implementing process innovations rely on suppliers as the most important source of 
information. According to Stokman, de Groot and Leurs report (1989, 77-81) these 
enterprises tend to make little use of independent sources of information. Instead, they 
often rely on (free) information from suppliers. In december 1988 the first so-called 
'Innovation Centres' were founded to encourage the transfer of knowledge from knowl-
edge holders, such as consultancy agencies in engineering and universities, to small and 
medium-sized enterprises. These Innovation Centres act as a kind of information brokers. 
In contrast to their image, 'flexible' manufacturing techniques are not always 
suited to handle a large product variety. Roughly: the greater the variety that can be 
handled by automated equipment, the more expensive it is. The handling of a substantial 
number of products by automated equipment may be necessary to keep this production 
economically feasible (see section 3.1). The larger part of small and medium sized 
enterprises in manufacturing industries produces small batches of ever varying products, 
for which flexible manufacturing automation is not suited (Stokman, de Groot and Leurs, 
1989, 100). 
Table 3.5 deals with regional differences of the diffusion of automated manufacturing in 
the Netherlands. 
Table 3.5 : Regional differences In the diffusion of automated manufacturing in the 
Netherlands (percentage of member firms using application) 
Region 
East 
South 
North Holland 
Rhine delta 
North 
Middle West 
National 
N 
113 
122 
106 
105 
109 
110 
665 
Date report 
1 - 1989 
4 - 1989 
7 - 1989 
10 - 1989 
1- 1990 
3 - 1990 
8 - 1989 
CNC 
47 
57 
47 
32 
28 
32 
41 
Robots 
23 
16 
10 
3 
8 
4 
11 
PLC 
37 
31 
24 
11 
16 
14 
22 
Future plans 
87 
96 
79 
73 
86 
81 
84 
Sources : FME, 1989a-b-c-d and 1990a-b-c 
These data are retrieved from a number of reports by the main employers' organization 
for the metallurgie industries, FME. Medio the research period (third quarter of 1989), 
the metallurgie branches had 4090 firms with a minimum of 10 employees (CBS, 1990, 
12-13); the FME had 'about 1260' members. The FME data are not representative for the 
Dutch metallurgie industry as a whole. The investigated firms have an average workforce 
of 225, confronted with 75 in the metallurgie industries as a whole. As larger firms tend 
to make more use of manufacturing automation, FME-members can be expected to make 
more use of automated manufacturing than the average firm in the industry. This is 
actually confirmed in a confrontation of Tables 3.3 and 3.4: the diffusion of automated 
manufacturing among FME-members has gone further than in the metallurgie industry in 
general. However, assuming that the characteristics of FME-members in the several 
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regions are fairly similar, the FME data give an adequate picture of regional differences 
in the diffusion of automated manufacturing in the Netherlands. 
From Table 3.5 it can be concluded, that the northern and central regions lag behind the 
South (a traditional stronghold of metallurgie industry) and East. North Holland, 
including Amsterdam, holds an intermediate position, scoring about the national average 
on all three forms. Judging from the plans concerning future investments, the forerunner 
role of Southern and Eastern regions is likely to continue in the near future, provided of 
course, that these plans are materialized. The differences are caused by regional concen-
trations of specific industrial branches, as well as differences with respect to 'innovative-
ness' in these regions. Considering the existence of such regional differences, one 
wonders whether the national level is always appropriate in comparative research between 
countries. 
Figure 3.2 clearly shows that the diffusion got an upswing in the second half of the 
1980s. From 1984 onward, the annual increase is between 134 robots (1986) and 181 
robots (1990). 
Figure 3.2 : The diffusion of industrial robots in the Netherlands 1976 - 1990 
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Sources Vermeulen and van Veen, 1991 and ANERTEK, 1989 
The data for Figure 3.2 are derived from two reports published by the consultancy agency 
ANERTEK (1989; Vermeulen and van Veen, 1991), which holds a periodical survey with 
respect to Dutch robotics. Their basic data were acquired from robot suppliers, who 
provided lists of their customers. The 1989 data suffer from some limitations: 
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two suppliers, among whom market leader ABB, did not participate; 
fourteen users did not allow the publication of their addresses, but were included 
in the aggregate data; 
only Dutch suppliers are included; 
internally developed robots are not included. 
The 1991 report does not contain such detailed methodological information. However, it 
is stated that a growing number of robot suppliers refused to cooperate as a previous 
report contained some statements which were interpreted negatively (Vermeulen and van 
Veen, 1991, 9). However, these data are the most detailed known to be available. 
ANERTEK (1989) also provides data concerning the applications of industrial robots, 
which are shown in Figure 3.3 (the 1991 survey covered the Benelux instead of only the 
Netherlands as was the case in 1989; the 1991 data about applications are not split up 
between the separate countries). 
Figure 3.3 : Applications of industrial robots in the Netherlands in 1988 
Arc welding (41 %) 
Handling (19 %) 
All other (13 %) 
Assembly (4 %) 
Spot welding (17 %) Painting (6 %) 
Source : ANERTEK, 1989 
Except for a few, all spot welding robots were used in NedCar's (formerly Volvo) Bom 
plant. Although assembly seems to be underrepresented, the exclusion of internally 
developed robots may distort the image. Especially Philips uses many machines in 
assembly operations, which according to the definition of industrial robots have to be 
considered as such, but which are seen as specialized machines. Philips uses approximate-
ly 200 IC-bonding machines in its Nijmegen plant, which satisfy the requirements of the 
definition of industrial robot. However, at Philips such machines are no longer considered 
to be a separate category, and no accounts are available concerning their use. Hence, the 
conclusion is warranted that there are probably more assembly robots than the ANERTEK 
data show. 
Arc welding is by far the most popular application, as 41 percent of all robots are used 
for arc welding. The percentage of spot welding robots dropped from 25 percent in 1987 
to 20 percent in 1989. As practically all spot welding robots are used in the NedCar 
plant, this fact points to the acceptance of this 'new' technology in small and medium-
sized enterprises. 
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Compared with the data presented by Laurentius, Timmerman and Vermeulen (1982, 5-7) 
and the CBS data, the ANERTEK data are lower, despite the fact, that 83 robots in 
instructional institutions are included in the ANERTEK data. This can be explained by the 
above mentioned limitations in the ANERTEK data, and because the CBS guarantees 
anonymity, which raises the participation to cooperate. Both reports show that industrial 
robots are increasingly being used, be it that their diffusion may proceed slower than 
expected. In 1986, Reijers and de Haas expected the number of robots to double every 
three years. 'It can be expected that around 1990, the penetration of industrial robots will 
be such, that they will form a significant economic factor' (Reijers and de Haas, 
1986, 12). The data in Tables 3.2, 3.4 and 3.5 and in Figure 3.2 show that both state-
ments, especially the last one, turned out to be overestimations, and can be interpreted as 
a prognosis, which turned out to be too optimistic. Later, Reijers confirmed that the 
diffusion of industrial robots proceeded more slowly than was expected in the beginning 
of the 1980s (1992, 43-44). 
In 1985, Bilderbeek and Kal f f reported that no flexible manufacturing systems were 
known to be operational in the Netherlands. The Economic Commission for Europe of the 
United Nations (1986, 25) mentions a total of 72 FM Cells and 25 FM Systems, installed 
in the Netherlands in 1984/85. The consultancy agency Berenschot estimates that the 
number of Dutch FMCs\FMSs in 1987 was approximately 20 (1989, 13), and the ITASA-
database contains 8 Dutch FMSs (Tchijov, 1992, 212). The only conclusion that can be 
drawn is, that there is a considerable degree of disagreement concerning the diffusion of 
FMSs in the Netherlands. 
Slomp et al. (1989 and 1990) conducted a study about possibilities for future placements 
of FMS's in the Dutch machine building companies having 50 employees or more, and 
concluded, that some 35 percent of metal cutting companies in the Netherlands are 
potential FMS-users. The following factors were identified as the four most important 
bottlenecks for the implementation of FMSs: 
experience with production automation. 
good financial results. 
attention for strategic planning. 
the absence of shift systems. 
Concerning the highest level of manufacturing automation to be achieved, Computer 
Integrated Manufacturing, Vrakking mentions a project at Holec in Hengelo, which is 
'unique in the Netherlands' (1988, 110). It consists of a combination of computer aided 
design, logistics, and various production techniques (CNC, DNC, robotics, automated 
material handling). At the time of the report, the Holec project has been partially 
realized, be it with delay. 
3.3 Conclusions and discussion 
CNC-machines, industrial robots, and Flexible Manufacturing Systems are all advanced 
manufacturing techniques, which will ultimately become ordinary standard machines. 
However, their diffusion rates vary considerably, as demonstrated in section 3.2. 
Probably, similar conclusions can be drawn for most industrialized countries. Whereas 
CNC-machines are a general phenomenon in the 1990s, industrial robots are still quite 
rare despite their broad range of applications for which they are fit, and Flexible 
Manufacturing Cells and Systems can still be seen as proof of an organization's outstan-
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ding innovativeness. The more complex these techniques are, the less they are applied. In 
the case of these advanced manufacturing techniques, 'complexity' refers to technical 
difficulties that have to be solved in order to become a standard and economically feasible 
alternative to other ways of manufacturing. The kinematical configuration of industrial 
robots has consequences for the programming methods used, which in its turn is a barrier 
for their diffusion. FMSs are composed of many advanced technical components that need 
to be balanced, which is a complex technical issue. Solving these issues requires 
substantial financial resources, which is an obstacle for large-scale use of these tech-
niques. These technical constraints limit the width of the product range that the equipment 
can deal with. The more complex a system is, the more expensive it is, the less attractive 
it is as an economic alternative, unless this disadvantage is neutralized by an increased 
machine productivity, i.e. an increasing number of products that is being processed 
during a certain period. Combining different products to create a sufficient total volume is 
one solution, provided this is technically and economically feasible. For CNC-systems 
this is roughly the case, but robots and FMSs incur problems in this respect. The widely 
used teach-in programming method is an obstacle for handling a large range of products 
in case of robotics. Furthermore, an argument that is valid for all three forms is that 
different products may require different fixtures, which generally require substantial 
investments. In case of FMSs, all individual system components need to be able to handle 
the various operations needed to process varying products individually, and the compo-
nents have to function as a collective system too, which requires the handling of a 
complex process. The technical difficulties are gradually being solved, which in combina-
tion with increasing knowledge and decreasing prices, is likely to lead to an increasing 
adoption of these technical systems. 
Besides the mentioned techno-economic barriers, several other arguments were mentioned 
in section 3.2 as bottlenecks. The distribution of knowledge to small and medium-sized 
firms and\or existing experience with production automation, (lack of) financial resources 
either because of unfavorable economic results in the future or inadequate access to 
external sources, and the Dutch conservative attitude with respect to working hours are 
some of these barriers. The persistence of such barriers provides one explanation for the 
(for technicians undoubtedly) disappointing outcomes of earlier expectations concerning 
future diffusion rates, as mentioned repeatedly in section 3.2. 
An important issue concerns the development of various programming methods. In section 
3.1, these were described for CNC-machines and robots, which makes it possible to make 
a comparison. 
Before the advent of parallel programming, MCU-programming was resisted as the 
machine's computer could not be used at the same time for manufacturing operations. For 
CNC-machines, the issue was in a technical perspective resolved with the advent of 
parallel programming, but the same problem still exists for robots. Teach-in program-
ming, which is commonly used for industrial robots, incurs downtime. Off-line program-
ming methods are being developed and gradually introduced to overcome this problem. 
The second alternative to prevent downtime, namely parallel programming, has only 
recently become available for some robots. Thus, the teach-in programming method has 
been and still is an obstacle to use industrial robots for a large product range, which 
problem may be resolved by off-line programming. Whereas in MCU-programming, 
teach-in programming and parallel programming the machine's controlling computer is 
used to program, this is no longer necessary if an external computer can be used for this 
purpose. Both for CNC-machines and industrial robots, universal and machine-specific 
(off-line) programming languages exist, but the necessary calibration is still problematic 
in case of robots. Thus, the complex kinematical configuration of robots has slowed down 
their degree of adoption, as the unsolved programming issue prohibits the use of robots 
for producing a wide product range. Via these consequences for the output characteristics, 
the teach-in method may also have consequences for the division of labor, as the chance 
to find integrated functions decreases in more stable production environments (see 
hypothesis 2). On the other hand, the simple teach-in programming method is easier to 
learn than off-line programming. The latter may be too difficult for robot operators, in 
other words: the skill requirements needed for respectively operating and programming 
may diverge that much, that both (complexes of) tasks are assigned to different employees 
(eft. section 2.5 and Benders, 1991b). In chapters 4 and S, an attempt is made to answer 
such questions empirically. 
CHAPTER FOUR 
WORK DESIGN AND AUTOMATED 
MANUFACTURING IN THE NETHERLANDS 
In this chapter, an overview and analysis of existing empirical studies on automated 
manufacturing in discrete processes in the Netherlands is given. Both case-studies and 
surveys on the division of labor around subsequently CNC-machines, industrial robots, 
and flexible manufacturing systems are dealt with, for as far as they present data 
concerning the division of labor and influencing factors as identified in chapter two. The 
focus is on the micro-level, namely the workspot. With respect to the division of labor, a 
distinction is made between the following machine-related tasks (see Kern and Schumann, 
1984, 184-195; Alders, Christis and Bilderbeek, 1988, 11): 
1 programming. 
2 testing and optimizing. 
3 operating tasks. 
If these tasks are combined into one function, the function is 'integrated'. If testing\ 
optimizing as well as operating tasks are part of the operator's function, 'partially 
integrated' is used. If the operator's function does not contain testing\optimizing or 
programming, but just operating tasks such as (un-)loading and monitoring, the function 
is 'split'. These options will be termed respectively Τ , 'ΡΓ and 'S' . Tasks which are not 
directly related to the specific form of automation discussed, are generally abstracted 
from, unless the sources used pay explicit attention to them. Furthermore, data on the 
output characteristics, the technical systems, the labor market, organizational size, the 
number of programmable machines, and (organizational) design orientation are presented 
as far as the material allows. 
The material on CNC-machines is most elaborate; the coverage of industrial robots is 
limited, which is also true, but to a lesser extent, for FMSs. Some secondary studies (in 
the sense of only indirectly containing information about the division of labor) is therefore 
included in the section on FMSs. 
It needs to be pointed out, that many of these studies, especially those on CNC-machines, 
were conducted by researchers closely associated to modem sociotechnology. The 
interpretation of the material is frequently and openly flavored by preferences, stemming 
either from MST or more humanistically motivated concerns for the quality of working 
life. In the following, an attempt is made to give a more objective, or perhaps 
objectivistic, presentation of these data. When possible, the original material is used. The 
sections 4.1 to 4.3 are closed with conclusions and a discussion of the results after the 
empirical studies have been described. Section 4.4 contains the final conclusions of this 
chapter. 
4.1 CNC-machines 
From 1985 on, several studies on CNC-machines have been conducted in the Nether­
lands. Peters (1986), the COB\SER-study (1988), and the FJM-study (Poutsma, van der 
Staal and Zwaard, 1986) contain case-studies. The TOWES-project (Alders, Christis and 
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Bilderbeek, 1988) consists of a survey, while the EIM-study contains survey data as well. 
Most of these researchers are affiliated to MST. Alders, Christis, Fruytier, ten Have, and 
Peters are or have been members of the MST-oriented POST-group (see their 1991 book), 
which influenced their empirical research (cfr. Poutsma, 1991). 
Peters' unpublished master's thesis (1986) contains six detailed case descriptions. The 
data were gathered in 198S and 1986. Four cases are in the machine-building industry, 
one in transport, and one in the metallurgie branch. The original case material is analyzed 
in the following, focusing on the question why five of the companies decided not to 
decentralize programming. The sixth firm was included only after Peters had found out 
that it had opted for integrated functions. The study contains detailed information 
concerning output characteristics and motivations why particular options were chosen. 
Table 4.1 describes some basic case characteristics. Where more than one option occurs 
within one organization, these options are split by ';'. In case 4 , 'PI Γ means, that both 
a programmer and a CNC-operator program, but the latter makes more simple programs. 
Table 4.1 : Selected characteristics of six CNC-cases 
1 Case 
Number of CNCs 
Option 
Repeat frequency 
Programming frequency 
1 Parallel programming 
1 
3 
PI 
High 
Low 
No 
2 
3 ; 1 
S ; PI 
High 
Low ; high 
No 
3 
2 ; ι 
PI 
High 
Low 
No ; yes 
4 
2 ; 1 
PI ; PI-I 
Low 
High 
No 
5 
4 
PI 
High 
Low 
No 
6 
8 ; 2 
I ; PI 
0 
High 
Yes 
Source : Peters, 1986, pp 67-98 
Several conclusions can be drawn from Table 4.1. Except for case 6, which was 
explicitly included for having integrated functions, integrated functions do not occur. On 
the other hand, testing and optimizing are generally part of the operator's jobs, be it that 
Peters reports that these are sometimes done in cooperation with the programmer. The PI-
option is clearly dominant. Despite the fact, that Peters reports about integrative moves in 
cases 1 (project 'quality of working life'), 3 (group lay-out, elimination of hierarchical 
levels), 4 (strive toward multi-functional operators, although quality of working life is 
considered to be a luxury) and 5 (elimination of hierarchical levels), none of these 
organizations has established integrated functions. However, in case 6, production is 
organized in autonomous groups, which coincide with the dominance of the integrated 
option. The number of machines does not seem to play a role in these data. In contrast to 
what might be expected, the concentration of the programming task into a separate 
function does not occur in case 6. 
Peters made some detailed observations with respect to output characteristics. In case 1, 
high product complexity is mentioned as the prime reason why operators should not 
program: high product complexity asks for considerable programming skills, and a com­
plex product takes a long time to program. Furthermore, as Peters notes, given the low 
programming frequency, the integrated option would only have a limited effect on 
operator's jobs. For the second case, the argument that 'decentralized programming 
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would lead to too much downtime' is not worked out, but probably has to be attributed to 
the high programming frequency. The argument for centralized programming in the third 
case is, that the short cycle time does not allow parallel programming. This argument 
evidently overruled the rather strong attention for an integrative organization design 
(group production, elimination of hierarchical levels), and the presence of one CNC-
machine which allows parallel programming. In case 4, there is a low repeat frequency, 
combined with a high programming frequency, i.e. much programming time is required. 
The small batches, and the fact that the complex and changing products urge operators to 
monitor the production process closely, leave little time to program, although the used 
programming package simplifies and fastens programming. There is no rotation between 
operator and programmer because of strongly diverging skill requirements. In the fifth 
case, machine downtime is again the obstacle for the creation of integrated functions, 
although given the high repeat frequency and low programming frequency little program-
ming time would be needed. 
The sixth case describes a machine-building factory, consisting of at least six departments 
or 'autonomous groups'. In two of these groups CNC-machines are placed. Four 
machines are used in group 'Small', and six in group 'Round'. In this last group, two 
machines are used for complex milling operations (these milling operations are three 
dimensional compared to two dimensional turning). Except for these two machines, the 
integrated option was chosen. Parallel programming is technically possible. There is a 
high programming frequency, due to the product range and the fact that programs are not 
stored, and can thus not be repeated. Reasons to choose integrated functions were: 
1 the split and partially integrated options would add 'an additional counter', i.e. 
unnecessary communication between programmer and operator. 
2 a separate programmer is expensive. 
3 the programs are short and simple. 
4 operator involvement and the fact that other options would lead to an erosion of 
craft knowledge. 
The option for integrated functions seems to fit in with the integrative organization 
design, namely autonomous groups. Nevertheless, the milling operations are considered to 
be too complex for integrated functions. Furthermore, decentralized programming was 
more easy to implement in group 'Round' than in group 'Small', as 'Round' has larger 
batches, longer cycle times, and simpler programs, and because the machines in 'Round' 
change tools automatically, which leaves more time to program. In the future, the more 
complex programs in 'Small' may be made in a separate programming location in order 
to prevent downtime. 
Peters' data as presented above allow to make a tentative analysis about the relationship 
between the output characteristics and the chosen options with respect to the division of 
labor. Peters himself analyzed his cases from the point of view of possibilities to improve 
operator's job content, focusing on the creation of integrated functions. For cases 1 to 5, 
Peters discusses the use of a separately located programming station, where operators can 
write programs. As this programming station can be used by rotation, downtime can be 
prevented. With respect to this solution, he makes the important observation, that in case 
of a low programming frequency, the inclusion of programming into the operator's 
function has little meaning, as this task is hardly ever conducted (1986, 71). 
Evidently, the prevention of downtime is the dominant economic logic in all cases, 
irrespective of the options chosen. Preventing downtime and creating integrated functions 
means, that programming and operating have to be conducted simultaneously, which can 
be achieved by means of parallel programming, or by Peters' recommendation, namely 
rotating CNC-operators between operating machines and programming on a separate 
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(programming) computer. Although parallel programming is not possible except for one 
machine in case 3 and in case 6, it could have been included in the other CNC-machines. 
An analysis of the influence of the output characteristics on required and available 
programming time provides a possible explanation why this feature was not included. If 
programs can be written during machine operation, downtime is prevented, i.e. if the 
available programming time is smaller than or equal to the time required to write that 
program. The cases provide several indications of the influence output characteristics have 
on the available and required programming time. The cases where the argument is 
mentioned are put in parentheses. 
The available programming time is determined by the time to process batches, which is in 
its tum determined by batch size (case 4) and the cycle time of individual products 
(case 3). Cycle times are partially determined by product and\or process complexity 
(case 6). Finally, the available time may or may not partially or wholly be absorbed by 
other tasks than programming such as loading and unloading (case 6) or monitoring the 
production process (case 4). 
The required programming time is wholly or partially determined by the following 
factors: 
1 product complexity (case 1). 
2 product variability c.q. programming frequency (case 4). 
3 ease of programming c.q. user friendliness, which influences programming speed. 
Special programming packages may speed up the programming process (case 4). 
These relationships are discussed in more detail at the end of this paragraph, after some 
additional material, relevant to this discussion, has been presented. 
The study by the Economic Institute for Medium- and small-sized enterprises EIM 
contains three cases and a survey on CNC-machines (Poutsma, van der Staal and Zwaard, 
1986; Poutsma and Zwaard, 1987; Poutsma, 1991). 
The first case is a firm employing 22 persons. It produces machine components, some in 
small batches, others are unique pieces. The second firm, employing 77 people, produces 
precision components, which are 'very varied' and are made in small batches. Similar 
output characteristics holds for the third firm, which has 103 employees. However, unlike 
the other two firms, it is not a component supplier, but produces and markets its own 
compressors. The nature of product range is also different from the other firms, and can 
be characterized as 'variations on a theme', while the firm strives for further standardiza-
tion by means of group technology. It is also unique in having a centralized organization, 
which contrasts with cases I and 2. The latter have few hierarchical levels, and broad 
shopfloor autonomy. Poutsma c.s. stress the relationship between the output characteris-
tics 'product range' and 'batch size' on the one hand, and the routine nature of the work 
on the other hand (1986, 75). The decoupling of programming and operating tasks is 
recommended against in case of complex products and a varied production, although it 
was also observed, that in case 2, complex programming jobs were done on a separate 
programming computer. In this case, the remaining 90 % of programs are made at the 
CNC-machine. Initially, management meant to program centrally, but due to resistance of 
operators, who felt they were being degraded to 'button pushers', and the negative 
consequences of this on product quality, it was decided to opt for integrated functions, 
especially as the complicated programs require frequent adjustments. In cases 1 and 2 
there are integrated functions, in contrast to the more fractionized case 3. In the past, the 
latter firm had recruited many unskilled workers, whereas in the first two organizations 
skilled (LTS) craftsmen learned to program. In all cases, the introduction of CNC-
machines led to job displacement, although nobody was fired. Other common elements 
are the relatively long period to make the new machine fully operational, and the stress 
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put on a maximum utilization of machine capacity, which is uttered in attempts to 
increase the number of productive machining hours. 
With respect to the labor market, it is reported that CNC-operators, which were all 
internally selected and schooled, may take advantage of their supposedly strong position. 
This is felt to increase an organization's vulnerability. 
The EIM-survey covered 780 organizations of varying sizes. It was first conducted in 
1985, and repeated in 1987. Besides CNC-machines, the computer-controlled machines in 
the EIM-survey include industrial robots and equipment used in process industries. It 
focused on qualitative changes in operators' job content. Table 4.2 contains data about the 
relationship between organizational size and the occurrence of integrated functions. 
Table 4.2 : Organizational size and integrated functions in Dutch manufacturing 
industries in 1985 (percentages) 
Person who programs 
Operator (integrated function) 
Other person 
Programming Inratinn 
Machine 
On shop-floor close to the machine 
Elsewhere 
Organizational size 
< 20 
67 
33 
20-99 
56 
44 
> = 100 
38 
62 
82 
14 
4 
52 
25 
23 
35 
25 
40 
Source : Poutsma, 1991, pp 44-45 
Unfortunately, the data were measured at the organization rather than the machine-level. 
Thus, if one integrated function occurs in an organization using more than one machine, 
this option is scored as an integrated function. Measurements at the machine-level would 
result in lower percentages of integrated functions, as large organizations tend to have 
more CNC-machines. The exact impact can not be calculated. 
The data show that the occurrence of integrated options, and programming at the 
machine, decreases with increasing organizational size. Even from a pure combinatorial 
point of view, large organizations have more possibilities to combine tasks into functions. 
From an organizational point of view, economies of scale can be achieved by large 
organizations, making a more extreme division of labor and the concentration of the 
programming work for more than one machine in the hands of one programmer more 
likely. Furthermore, the data show that shop-floor programming is not necessarily equal 
to the choice for integrated functions, although a close relationship between both variables 
is generally assumed. As shown in Table 4.3 (see page 78) integrated functions occur less 
with increasing batch sizes. 
Comparing briefly the results of the 1985 and the 1987 surveys, Poutsma (1991, 45) 
concludes that the percentage of integrated functions has decreased drastically (by more 
than 50 percent). However, the 1987 data were gathered in a slightly different way than 
the 1985 data. The latter concern computer-controlled machines in general, whereas the 
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first concern CNC-machines. In 1987, programming was done by 29 percent of the CNC-
operators included in the survey, and optimizing\correcting by 60 percent. Assuming that 
all operators who program, also optimize, the percentages of integrated, partially-
integrated and split options were respectively 29, 31, and 40 percent in 1987. 
Table 4.3 : Batch size and integrated functions in Dutch manufacturing industries 
in 1985 (percentages) 
Person who programs 
Operator (integrated function) 
Other person 
Batch size 
< 100 
74 
26 
100-1000 
50 
50 
> = 1000 
43 
57 
Source : Poutsma, 1991, ρ 45 
The TOWES-data are a useful supplement to the EIM-data (Alders, Christis, and Bilder-
beek (1988). This project was commissioned by the Ministry of Social Affairs and 
Employment. Both process and machine-building industries were included in the survey. 
As this chapter focuses on discrete manufacturing, process industries are excluded in the 
following. The main source is an article by Alders and Christis (1988a), which concentra­
tes on the machine-building branch. Their classification of options with respect to the 
division of programming-related tasks was introduced at the beginning of this chapter. 
The reason to distinguish between programming on the one hand, and optimizing on the 
other hand, is, that programming is a creative task, requiring insight into the various 
aspects of the machining process, and their interrelationships, whereas testing\optimizing 
only require, that one understands the logic of a program, and that faults are detected. 
Programming is thus a far more complex task than optimizing. 
The EIM-survey differs from the TOWES-survey in at least two aspects. In the first, the 
EIM-study took more industrial branches, and consequently more kinds of programmable 
manufacturing machines into account than the TOWES-study, which concentrated on the 
machine-building and process industries. For the scope of this investigation, the separate 
presentation of the results for the machine-building industry by Alders and Christis 
(1988a) has the advantage of the concentration on CNC-machines, while the EIM-study 
also covers other branches, some relevant, others irrelevant for purpose of studying CNC-
machines. Unfortunately, the EIM-data are only partially detailed for industrial branches, 
which makes its value for this purpose hard to assess. 
The TOWES data provide more information about 246 CNC-machines in the machine-
building industry, based on a survey among 180 firms, generally employing at least 20 
persons. The selected firms do not make up a random sample, but were known to use 
CNC-machines. As more precise data are lacking, their findings may not be generalized. 
Possible biases include a more positive attitude toward innovations, and larger, financially 
stronger firms (cfr. section 3.2). By the end of 1987, the Dutch machine-building industry 
consisted of 1232 firms, employing an average of 64 persons (CBS, 1988, 11), so about 
15 percent of the branch is covered by the survey. Where felt necessary because of the 
small numbers of organizations covered by the survey, significance tests (Chi-square on 
cross-tables) are added to the original TOWES-data. 
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Table 4.4 lists the TOWES findings with respect to the options chosen. 
Table 4.4 : The division of labor around CNC-machines in the Dutch machine-
building industry, 1987/8 (percentages) 
Option 
Integrated 
Partially integrated 
Split 
Mixed 
Other 
Firm level (n = 180) 
46 
10 
16 
19 
9 
Machine level (n=246) 
49 
19 
24 
8 
Source : Alders and Christis, 1988a, ρ 76 
The option 'mixed' indicates the choice for different options within one organization, 
which is not uncommon in the machine-building industry (cfr. Table 4.1). This fact, plus 
the divergence between finn level data and machine level data, points to the importance 
of this distinction. As the percentages of the integrated option differ only three percent 
between both levels, in contrast with nine respectively ten percent for the partially 
integrated and split options, one can conclude, that the integrated option is more coherent 
within organizations. 
Table 4.5 : Organizational size and integrated functions in Dutch machine building 
in 1987/8 (percentages); n=180 
Option 
Integrated 
Partially integrated 
Split 
Mixed 
Other 
Organizational size (size of workforce) 
< 50 
67 
4 
10 
16 
3 
5 0 - 9 9 
39 
13 
17 
27 
4 
100- 199 
34 
16 
21 
22 
9 
> 200 
15 
8 
23 
54 
0 
Source : Estimated from diagram 1, Alders and Christis, 1988a, ρ 76 
Although Alders and Christis draw the conclusion from the data in Table 4.5, that an 
increasing firm size is linked with an increasing division of labor, the high percentages 
for 'mixed options', especially in the larger size categories, blur this relationship. 
With respect to batch size and the division of labor, Alders and Christis claim the 
existence of a 'U-form': the highest percentages of integrated options are found at both 
extreme batch sizes (see Table 4.6 at page 80). 
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Table 4.6 : Batch size and integrated functions in Dutch machine building in 
1987/8 (percentages); η=180 
Option 
Integrated 
Partially integrated 
Split 
Mixed 
Other 
Batch size 
< 10 
53 
6 
19 
19 
3 
10-49 
35 
15 
14 
31 
5 
50-99 
45 
5 
12 
32 
6 
100-999 
42 
16 
23 
18 
1 
> 1000 
60 
0 
0 
0 
40 
Source : Estimated from diagram 2, Alders and Christis, 1988a, ρ 77 
From these data it is concluded that batch size has an ambiguous effect on the division of 
labor. According to the researchers, it may have a favorable impact on integration as well 
as fragmentation. With small batches no coordination losses due to separate functions are 
incurred by integrating tasks, but downtime may occur. In contrast to this, large batches 
incur only little coordination losses, but leave ample time to program. However, alterna­
tive interpretations of these data may point to the existence of a U-form for the split 
option, leading to the exact opposite of Alders and Christis' interpretation, or a 'W-form' 
for the integrated option. The average number of firms per batch size category is 36, 
which is a small numbers situation and makes it hard to draw hard conclusions. Machine 
level data might have provided more clarity. 
Product complexity was combined with machine complexity into a variable 'machining 
complexity', and operational i zed into a dichotomous measure, namely two- and three-
dimensional programming, the latter obviously being more complex. The relationship 
between this measure and the options with respect to the labor organization was not 
significant, as can be concluded from their data (Chi-square of 1.87). Next, different 
operations were related to the organizational options. More integrated functions were 
found with the simple operations turning and milling than with the more complex 
operations cuttering and machining in general. Alders and Christis give two alternative 
explanations for this finding. Firstly, complex programs need more programming time, 
and secondly, firms may judge operators incapable to program independently. The 
researchers are inclined to attach more value to the latter interpretation. 
Programming comfort, operationalized as the level of the programming language, and the 
presence of automatic changing tool and workpiece, which allow more time to program, 
were found to coincide with an increasing rather than a decreasing division of labor. In 
other words: in circumstances which are favorable for the creation of integrated functions, 
less integrated functions occur. 
They argue that there is little difference of opinion concerning the 'technical efficiency' of 
integrated functions, as machine-operators are better acquainted with local circumstances 
than programmers, and coordination losses do not occur, which is a concrete manifesta­
tion of a classical disadvantage of fractionizing labor (cfr. section 2.1). 
Furthermore, a relationship between the number of CNC-machines and the division of 
labor was observed. According to Alders and Christis, an increasing number of CNC-
machines makes the concentration of all programming jobs into one central programming 
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function likely because economies of scale can be achieved (1988, 80). 
In the light of MST (see Kuipers and van Amelsvoort, 1990, 65-120), the findings as 
shown in Table 4.7 with respect to lay-out and division of labor are interesting. 
Alders and Chrìstìs note that the differences between both lay-outs are not as big as could 
have been expected from the (JB: sociotechnical) literature (1988a, 81). Therefore, they 
'are inclined to conclude [...] that the majority of firms prefers divided organizational 
forms if possible (depending on the number of CNC-machines and batch size) [...] the 
favorable conditions for task integration offered by group technology are not fully used' 
(1988a, 81), which can not be explained by the TOWES-study according to the authors. 
Table 4.7 : The division of labor and lay-out (percentages); n=246 
Option 
Integrated 
Partially integrated 
Split 
Lay-out 
Functional (78 %) Group (22 %) 
44 
22 
34 
49 
29 
22 
Source : Alders and Christis, 1988a, ρ 81 
As the relationship in Table 4.7 is not statistically significant (Chi-square of S.S6), the 
hypothesis that a group lay-out coincides with more integrated functions than a functional 
lay-out, has to be rejected. Possible explanations for this finding are that a group lay-out 
of machinery is not necessarily combined with team working c.q. (semi-)autonomous 
groups as prescribed in MST, or in case of such a combination, that an intra-group 
division of labor was established. 
COB\SER-study 
In 1984, COB\SER commissioned a research project on CNC-machines, conducted by the 
Tilburg based Institute for Social Research and the Leiden based consultancy agency 
Intervisie (see: ten Have and Fruytier, 1987; COB\SER, 1988; Fruytier, 1988; ten Have, 
1988; Fruytier and the Have, 1990). The effects of the organization structure around 
CNC-machines on the four criteria 'productivity', 'product quality', 'flexibility', and 
'quality of working life' formed the central theme of the COB\SER-study. This study is to 
an important degree influenced by MST, and was called 'more experimental' by Poutsma 
(1991, 48). Eight cases were described, of which Table 4.8 (see page 82) gives some key 
characteristics. 
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Table 4.8 : Case characteristics in the COB\SER-study 
Cose 
Lay-out 
Intcg.VFrac 
Option 
Setting tools 
Indirect 
Fixed ossigli. 
Pro. variabi. 
Comp. prog. 
Batches 
Paral, prog. 
Trans-
port 2 
group 
Integ. 
PI 
setter 
7 
no 
low 
high 
10-100 
no 
Ship 1 
quasi-
group 
Integ. 
I 
operai. 
2 
yes 
high 
low 
2-30 
yes 
Crane 
quasi-
group 
Integ. 
I-PI 
operai. 
4 
yes 
high 
low 
100-300 
DO 
Supplier 
func-
tional 
Integ. 
PI 
operat. 
0 
no 
high 
high 
1-5 
yes 
Barn 
func-
tional 
Frac. 
PI 
setter 
0 
yes 
high 
low 
20 
no 
Trans-
port 1 
line 
Frac. 
PI 
setter 
1 
both 
low 
high 
3000 
yes 
Ship 2 
line 
Frac. 
PI 
setter 
0 
yes 
low 
low 
á 100 
no 
Diesel 
line 
Frac. 
S 
setter 
3 
yes 
low 
high 
10-50 
yes 
Source : COB\SER, 1988, pp 54-55 and 104 
These data differ slightly from the original data presentation with respect to the following 
items: 
the use of the term 'quasi-group', which is used in the report, but not in its 
summarizing scheme. 
the summing up of the number of indirect tasks instead of specifying them. 
the direct tasks are condensed into the options of Alders and Christis. 
'product range' is derived from 'programming frequency'. 
the words 'Tayloristic' c.q. 'T-type' on the one hand, and 'New Production 
Concept' c.q. 'N-type' on the other hand, are replaced by an 'F' for 'fractionized' 
and an Τ or 'integrative'. The T-type and N-type are characterized by a low 
respectively high quality of working life (1988, 25). 
The researchers experienced substantial difficulties in categorizing the eight cases with 
respect to lay-out and labor organization. Ship 1 and Crane were both categorized as 
having a group lay-out. As is explained in note 6 of their report (1988, 35), these cases 
were difficult to categorize. Crane employs about 60 people, and its factory shows 'little 
structure', but was labelled 'quasi-group' because of the small degree of separation 
between the functional departments. The machining centre in Ship 1 was placed in a 
group, next to three parallel lines (Ship 2 deals with one of these lines). 
Similar difficulties are reported with respect to the organizational options. Here, three 
criteria are used for this categorization: 
1 the option chosen to divide tasks directly related to the CNC-machines. 
2 the in- or exclusion of indirect tasks. 
3 the assignment of operators to fixed machines. 
The last criterion is important, as rotation of operators over several machines provides 
learning opportunities, and leads to a broad deployability of these operators. It was 
decisive for the classification of Supplier and Barn, both having a functional lay-out, as 
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integrative respectively fractionized. However, except for Supplier and Transport 2, all 
cases, including the other two integrative organizations, have fixed assignments. All 
organizations with a group lay-out are characterized by a relatively broad functions, but 
these are not necessarily integrated. All partially-integrated functions are characterized by 
a cooperation between operator and programmer with regard to program testing. 
It is striking that the main difference between integrative and fractionized organizations in 
this study concerns the indirect (in the sense of not directly machine-related) rather than 
the direct tasks. In general, the integrative organizations are characterized by a larger 
number of indirect tasks (although Diesel forms an exception in this respect), and by the 
fact that operators tend to set machines rather than a specialized machine-setter (with the 
exception of Transport 2). Fruytier and ten Have stress that '[t]he quality of work in a 
production structure with flexible production groups can remain high because 'organiza­
tional' tasks are added to the tasks directly related to the machine, with adequate control 
capacity for the employees in the groups' (1990, 257). 
The categorization problems confirm the polar instead of dichotomous character of the 
distinction between integrative and fractionized organizations. 
With respect to the absence of a statistically significant relationship between organiza­
tional option and lay-out in the TOWES-project, the two cases in Transport are interes­
ting. Both use group work, and little differences exist with respect to the machine-related 
tasks. As a whole, in Transport 2 the division of labor is less extensive than in Transport 
1, mainly because of the assignment of indirect tasks to the operators. The example shows 
that group work can also be combined with a line lay-out. These choices can be attributed 
to Transport's project 'quality of working life'. 
Several observations can be made concerning the output characteristics, and their 
influence on organizational options (with respect to direct tasks). However, with six out 
of eight cases having partially-integrated functions, the relationships are tentative. The 
four cases with a high programming frequency use the I- or Pi-option, while the remain­
ing four cases have partially-integrated or split functions. This relationship is not very 
strong, as can be concluded from the dominance of the Pi-option irrespective of the 
programming frequency. A similar relationship can be found between programming 
complexity and organizational option. Ship 1 and Crane, the two organizations where 
operators program, have a low programming complexity. In case of Crane, which also 
employs a separate programmer, operators take charge of the simpler programs. Batch 
size, which is remarkable low on average, seems to be irrelevant to the organizational 
option. 
The possibility of parallel programming is not used in three out of four cases, whereas in 
Crane, the only organization having at least partially chosen for ал integrated function, no 
parallel programming is possible. This organization probably uses a separate program­
ming location to allow operators to program. 
One may hypothesize that differences concerning the division of labor occur when more 
than one shift is used. Two publications by Dime (1990 and 1991) in the field of 
(quantitative) operations research, provide an indication in this direction. The Philips 
Machine Factory in Almelo purchased two machining centres in the mid-1980s, which for 
efficiency reasons were used in three shifts, the third shift being unmanned. The 
production capacity of the unmanned and manned shifts had to be split with respect to the 
output produced. In the first place, products run during the unmanned shifts have to be 
less complex than products run in the manned shifts. During unmanned production, 
disturbances in the production process can not be resolved. Simpler products that were 
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first produced flawlessly during manned shifts, reduce the chance that disturbances occur 
considerably. The more complex products remain for the manned shifts. In the second 
place, long batches have to be produced during the unmanned shift. As the running time 
of these batches is always shorter than eight hours, i.e. until the first manned shiñ starts, 
the number of unmanned hours is maximized by planning batches, that require a long 
processing time. 
Labor market 
Before proceeding to a discussion of issues at the labor market for CNC-operators, a brief 
discussion of the relevant parts of the Dutch system of technical education and vocational 
training is given (CEDEFOP, 1984; Dankbaar, 1990; Mason, Prais and van Ark, 1992). 
The lower level of technical education is the LTS-level, 'Lower Technical Schooling'. 
The LTS takes four years after the primary education, which normally ends at the age of 
12 years. At the LTS, students can choose between grades, namely А, В, С and D (rising 
degree of difficulty). After graduation, students with the higher grades (C and D) often 
continue their education at the intermediate-level of vocational training MTS. Alternative­
ly, they may take up a position as an apprentice in the so-called 'leerlingwezen'. An 
apprenticeship usually lasts two years. Upon successful completion a certificate is 
awarded. Apprentices may work anywhere between a half day and four days per week in 
a firm; the remaining days are used for theoretical and practical schooling. Apprentices 
are either employed by firms or by regional schooling centres. About 20 per cent of the 
firms in the metallurgie industries take part in educating employees by means of the 
national apprenticeship system (van Zwol and Bots, 1992, 64). 
The LTS is oriented at schooling craftsmen, whereas MTS schooling has more theoretical 
components. MAVO-graduates (MAVO = intermediate general secondary schooling) are 
also entitled to enter the MTS. As far as CNC-machines are concerned, an important 
distinction is, that LTS-graduates often have acquired practical machining experience, 
whereas the knowledge of MTS-graduates is more of a formal and abstract nature, for 
instance programming. Typically, MTS lack practical machining experience, and LTS 
lack programming knowledge. If no integrated options exist, communication between 
programmer and operator is necessary as the first person has to formalize the latter's 
experience. 
The TOWES-project paid extensive attention to the labor market. Table 4.9 (see page 85) 
shows the required education related to type of machine, and division of direct labor. 
'LTS + ' refers to LTS-graduates who took additional courses, generally as apprentices. 
As shown in Table 4.9, educational requirements rise after the introduction of CNC-
machines, which is related to the organizational option chosen. For integrated functions, 
67 % of firms judge MTS as necessary, which percentage drops from 45 for the partially 
integrated to 25 for the split option. Programmers are required to have MTS in 98 percent 
of all cases. As could be expected, there is a statistically significant relationship between 
the option and required education (Chi-square of 31.06, which is significant at an 
uncertainty level of .001). Nevertheless, 25 percent of firms judge MTS as necessary 
even in case of the split option, although the absolute number of cases is rather small 
(17 or 18, depending on rounding). 
Table 4.9 : Required education of conventional and CNC-operators in Dutch 
machine-building industries, 1987/8 (percentages) 
Required education Ц LTS 
Machine g 
Conventional machine 
CNC-machine 
Option 
Integrated 
Partially-integrated 
Split 
LTS+ 
90 
17 36 
MTS 
9 
45 
Other 
1 
2 
32 
54 
75 
67 
45 
25 
1 
1 
0 
Source : Compiled from Alders, Christis and Bilderbeek, 1988, pp 20 and 24 
The wide-spread tendency to ask for an MTS-level led to a high demand on this segment 
of the labor market, which could not be met by the supply of MTS-graduates. Conse­
quently, they occupy a strong position at the labor market, which enables them to select 
attractive CNC-jobs, for instance programmer or an integrated function, leaving less 
attractive tasks for lower skilled persons. This development creates a ceiling in the 
internal career trajectory for LTS-graduates, who are no longer able to qualify internally 
and to gradually learn programming. An additional problem was formed by the at that 
time existing lack of suitable courses which allow LTS-graduates to learn to program. 
Based on the tendency to create attractive jobs for MTS-graduates, Alders and Christis 
expected an increasing division of labor around the CNC-machines in the future, 
especially if economies of scale can be achieved when more CNC-machines are purchased 
(1988a, 80). This concentration of programming makes the firm vulnerable, as the CNC-
programmers can easily switch jobs. 
As a part of the COBNSER project, ten Have (1988) pays attention to the recruitment of 
CNC-operators. He concludes, that operator's factual skill level, nor the desired skill 
level by management are related to job content. Operators possessing skill levels ranging 
from unskilled to MTS perform the same kind of work. In at least five cases, manage­
ment would prefer to have higher skilled operators than are present. The fulfilment of 
these wishes would lead to a further underutilization. 
The firms' recruitment policies offer four explanations for these phenomena: 
1 uncertainty effect. 
2 start-up effect. 
3 anticipation effect. 
4 image effect. 
The uncertainty effect stems from the fact that the introduction of CNC-machines involves 
many uncertain elements. To ensure that these uncertain elements are handled well, firms 
tend to raise skill requirements. In case of a start-up effect the new processes have to be 
learned during the first phases of using CNC-machines. The effect is temporary as these 
processes gradually become routine. The anticipation effect resembles the uncertainty 
effect in that uncertainty about future requirements tend to raise the demand for skills, but 
this uncertainty has not yet materialized. According to the image effect firms derive status 
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from a high skilled work force. 
These combined effects result in a tendency to ask higher skilled operators than neces-
sary. In the longer term, ten Have expected a self-correcting process: the labor market 
scarcity would ultimately necessitate organizations to lower skill requirements. If the 
FME-data presented in section 2.4 can be generalized, it can be concluded that this 
process had not started by 1990. 
Conclusions and discussion 
The percentages of integrated functions found in both surveys vary considerably, namely 
29 percent in 1987 according to the EIM-survey and 49 percent in 1987/8 according to 
the TOWES-study. As their data partially concern different populations and different 
machinery, use different operationalizations, and the generalizability of both samples is 
questionable, the comparability of these data is doubtful. The differences must at least 
partially be attributed to the factors mentioned instead of to differences between manufac-
turing industries and\or periods. Nevertheless, both studies proof that a large variety of 
organizational options exists around CNC-machines, and that some of these options are 
significantly correlated with certain characteristics. Less integrated functions are found 
when: 
the organizational size increases (EIM, probably TOWES); 
the number of CNC-machines increases (TOWES); 
two-dimensional operations are compared with three-dimensional operations 
(TOWES); 
the programming comfort increases (TOWES). 
Whereas the first three relationships could have been expected, the opposite relationship 
could have been expected in the last case, because more user-friendly ways of program-
ming lower skill requirements ceteris paribus, lowering a barrier for the formation of 
integrated functions (cfr. section 2.2). In the words of the TOWES-researchers: 'favor-
able conditions for the creation of integrated functions exist' (Alders and Christis, 1988, 
83). Probably, the ceteris are not paribus: more factors than just user-friendliness change 
simultaneously, or in statistical terms, multi-collinearity occurs. In this case, user-friendly 
programming languages and packages which increase programming comfort, which are 
probably more expensive than less user-friendly ways of programming, may be purchased 
for more complex operations, i.e. when the need for user-friendly ways of programming 
is higher (see case 4 of Peters). Furthermore, expensive (in terms of machines as well as 
programming method) systems may preferably be entrusted to high skilled employees. A 
similar problem occurs with respect to the connection between organizational size and the 
number of CNC-machines. 
For some other characteristics, the evidence was either not significant (machining 
complexity, lay-out) or inconclusive (batch size). In the TOWES-study machining 
complexity was a composite measure, which makes it impossible to draw a clear conclu-
sion. The problem of interrelated aspects may have occurred at least at one other point, 
namely with respect to organizational size, batch size, and the occurrence of integrated 
options. Organizational size was demonstrated to be negatively related to the occurrence 
of integrated functions, which relationship was also hypothesized for batches size. If 
smaller organizations produce on average smaller batches, as is often assumed (Stokman, 
de Groot and Leurs, 1989), it remains inconclusive to what factor the smaller number of 
integrated functions has to be attributed. If the number of machines, which is probably 
positively related to the organizational size, is also taken into account, the total picture 
gets more complicated. Organizational size was shown to be positively related to batch 
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size, which makes a correlation between batch size and the number of machines likely. 
Concluding, the surveys provide some information concerning some relationships between 
certain characteristics and the number of integrated functions, but the exact patterns of 
causality can hardly ever be established. An additional problem is formed by the limited 
comparability of both surveys. To gain more insight in the possible underlying relation-
ships, data from the case-studies are discussed next. 
Perhaps the most relevant question with respect to the assessment of developments in the 
work content of CNC-operators is whether only machine-related tasks have to be taken 
into consideration, as in the TOWES-study, or indirect tasks are important as well, as in 
the COB\SER-study. In the latter study, the concept of jobs with a high decision latitude, 
as well as job demands, is important, which is in the MST-tradition. The conventional 
craftsman is a stereotypical example of such high quality jobs. Such a craftsman is often 
assumed to have been responsible for almost the total production process, i.e. from 
reading the technical drawings to the actual manufacturing and quality control. With the 
introduction of numerical control, the craftsman's machining knowledge was formalized 
in programs, which were first recorded on punch tapes (NC) and could later be stored in 
computers and on floppies (CNC). The transition from conventional machines to 
computer-controlled machines meant the formalization of machining knowledge. The new 
technical system thus led to a change in the organizational task pool. The machining 
process stays the same, but the form of control, i.e. the way of operating the machine, 
changes. Programming and optimizing are added to the organizational task pool, and the 
former way of control, i.e. manual intervention by the machinist, is replaced. This 
formalization of machining knowledge requires other skills: the machinist's machining 
experience is replaced by the knowledge required to write programs. In the case of CNC-
machines, this generally concerns the ability to think in an abstract way in order to 
formulate mathematical statements which make up a program. The introduction of NC-
and CNC-programs made it possible to separate the conceptual tasks, roughly the 
trajectory from reading drawings to writing programs, from the executing tasks, i.e. all 
tasks related to machine operation. Some authors seem to assume that this option of 
separating both kinds of tasks is always chosen. For instance, Adler and Borys assert that 
'With NC the combination of machine and machinist is replaced by a machine, a 
computer, a human operator, and a programmer' (1989, 377). Similar statements can be 
found in Noble (1978) and Wilson and Buchanan (1988, 366). However, such a separ-
ation of tasks is not an automatism, but the result of applying consciously or unconscious-
ly organizational design principles, i.e. of dividing the tasks of the changed organizational 
task pool via design rules over employees. Empirical results as discussed above for the 
Netherlands and as found abroad (Dodgson, 1987; Keefe, 1991; Kelley, 1991; Nielsen, 
1992; Sorge, 1985), as well as discussions about the boons and merits of decentralization 
and centralization of programming c.q. integrated functions (van Amelsvoort, 198S; de 
Korte, 1991), prove that a large variety of options is possible and actually chosen, and is 
also subject of conscious decision-making processes. Even if one particular option is 
chosen in the majority of cases, as in Shaiken, Herzenberg and Kuhn (1986), it remains 
one dominant choice out of a range of possible choices. 
With respect to the initial question, the form of control of the machining process has 
changed from manual control to programming with the replacement of conventional 
machines by NC-machines. The locus of control of the machining process depends on the 
person who is responsible for, respectively, manual control and programming. With 
conventional machines, this person is the machine-operator. The introduction of CNC-
machines has introduced a new option, namely the assignment of programming to either 
the machine-operator or a specialist c.q. programmer. Control of the machining process is 
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a vital pan of a craftsman's job, who works autonomously. However, for this purpose the 
craftsman needs to be in command of more than just programming: he must also be 
allowed to take decisions concerning activities such as work distribution, sequencing of 
orders, and choice of tools. In the COB\SER-study this position was adopted for CNC-
operators, but it also showed that the inclusion of indirect tasks in their jobs does not 
necessarily coincide with integrated jobs. It is doubtful whether such functions can be 
considered as equal to those of craftsmen. CNC-craftsmen should have an integrated 
function to control the machining process itself as well as indirect, regulating tasks 
concerning the organization around the machining process. Yet comparing conventional 
craftsmen with CNC-craftsmen, one has to realize, that those indirect tasks must also 
have been part of the jobs of conventional craftsmen. In other words: there are also 
different organizational options around conventional machines, especially with respect to 
the division of tasks, which are not directly related to machines such as work distribution. 
Specialized tool setters were common with conventional machines. It has to be kept in 
mind, that the period in which conventional machines were being used was characterized 
by fractionized designs (see section 2.1). The fact that different organizational options 
also exist with conventional machines has not always been realized, especially not if the 
romanticized picture of the craftsman is kept in mind. An adequate comparison of the 
situation before and after the replacement of conventional machines by CNC-machines is 
not possible, when different tasks structures are compared. What changes is the form of 
control of the machining process, and the introduction of the possibility to change the 
locus of control of this machining process. Whether or not the locus of control is assigned 
to the CNC-operator, and whether or not other tasks are included in his function, is a 
question of exercising organizational options. 
This standpoint necessitates a slightly more nuanced view than formulated by hypoth-
esis 1, which states: 'the application of organizational design orientations is independent 
from the technical system(-s) used'. The new form of control (C)NC not only creates a 
new organizational option, but it also sets conditions within which the organizational 
design choice is made. The transition from conventional to numerical control has 
implications for the skill levels used, as stated above. Abstract, mathematical thinking is 
generally necessary to write programs. If conventional machinists do not possess these 
skills, the programming is performed by somebody else, i.e. a specialist. The develop-
ment of 'human centred' programming packages (Brödner, 1991) which use graphical 
techniques to program and fit the ways of thinking of skilled machinists, is important in 
lowering this barrier. However, the use of such user-friendly packages is by no means a 
guarantee for the formation of integrated functions, as was shown in the TOWES-study, 
where such programming comfort was negatively related to the occurrence of integrated 
functions. It needs to be borne in mind, that user-friendly programming is advantageous 
to fractionized organizations as well. Therefore, Brödner emphasizes an integral approach 
to human centred systems, of which the development of technical systems forms a part 
(see also section 2.2). Parametric programming, i.e. filling in the value of parameters 
into pre-programmed macro's, is fairly similar to human-centred programming in this 
respect. It lowers skill requirements posed on the CNC-operator, who is still in control of 
the machining process, but only for a limited range of products, namely those products 
for which macro's have been written. Whether or not this can be considered as an 
integrated function is subject to discussion, but the example shows that even this seeming-
ly simple question is more complex than it appears to be at first sight. 
Finally, as de Korte (1991) stated, parallel programming allows programming during 
machine operation. Again, using this option is optional. The cases in the COB\SER-study 
and the study by Peters show that integrated functions may occur even when parallel 
programming is not possible, whereas parallel programming is not necessarily combined 
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with integrated functions. All combinations seem to be possible, which probably depends 
to an important extent on output characteristics (see below). Unfortunately, no data are 
available on the diffusion of programming methods in general, and parallel programming 
specifically. 
From an MST-point of view, the absence of a relationship between lay-out and organiz­
ational options in the TOWES-study is interesting. The COB\SER-cases indicate a 
positive relationship between the number of indirect tasks and the group lay-out, but the 
case 'Diesel' combined a line organization with the split option and a relatively large 
number of indirect tasks. This lends support to Fruytier and ten Have's position (1990), 
that indirect tasks are important to judge the work content, but it also points to a much 
looser connection between lay-out and the division of labor than is assumed, or rather 
prescribed, by MST. The bundling of machines in a group lay-out is sometimes connected 
to an integrative design orientation, but it is by no means a necessary precondition for the 
creation of team work. 
Striking similarities in the case-studies are the dominance of the partially-integrated option 
compared to the surveys, and that optimizing/correcting is often jointly done by a 
specialist programmer and a machine-operator. Probably, this last fact can be explained 
by a practice, that the machine-operator signals necessary adaptations while running a 
program, which are then implemented into the program by the programmer. The 
dominance of partially-integrated function may be a statistical artefact, but may also point 
to a larger use of integrated functions in the machine-building industry, which was the 
subject of the TOWES-study. Where integrated functions occur in the cases, it concerns 
simple products. The programs for more complex products were written by specialists 
(with the exception of the first EIM-case). With this statement, the discussion of the role 
of the output characteristics has started. 
Hypothesis 2 states: "The lower product complexity, the smaller product variability, the 
smaller the product range, and the larger the batch sizes, the less likely it is, that inte­
grated jobs are found'. The role of product complexity has already been discussed 
partially. Whereas Poutsma recommended the use of integrated functions in case of 
complex products, the cases almost consistently show that less integrated functions occur 
with ал increasing product complexity, despite the disadvantage of necessary intensive 
coordinating activities between operator and programmer in case of partially-integrated 
and split functions. An increasing product complexity has also implications for the length 
of the programming and processing times. The resulting picture is that there are argu­
ments for a positive as well as a negative relationship between product complexity and the 
use of integrated functions. Unfortunately, quantitative Dutch research data concerning 
this relationship are not available. 
The study by Peters allowed to make an inventarization of factors which are likely to 
influence positively and negatively the use of integrated functions. The analysis which 
was made in the beginning of this chapter can be supplemented by the analysis made by 
Alders and Christi s (1988a, 81-83), who seem to have assumed in their study that parallel 
programming is always possible. These analyses start from the observation, that machine 
downtime has to be prevented. Although the economic logic of such a policy is contested 
(Kaplan, 1983) as it may lead to long delivery times, its prominence is empirically 
demonstrated in the cases of Peters. Downtime can be prevented if programs can be 
written during machine operation, i.e. when the required programming time is shorter 
than the processing time c.q. the time available for programming. The required program­
ming time increases if product complexity increases, product variability and hence the 
programming frequency increase, and process complexity increases. The available 
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programming time is influenced positively by long batches, complex products and hence 
long cycle times, and the degree of automation, and negatively by the time absorbed by 
other tasks than programming (an organizational factor). So far, the consequences of 
(mainly) output and technical characteristics for the occurrence of integrated functions 
have been discussed. As indicated above, some of these characteristics also influence the 
skill requirements and the capital intensity, which are both negatively related to the 
occurrence of integrated functions. Figure 4.1 gives an overview of these relationships. 
Figure 4.1 : Output and technical characteristics in relation to the occurrence of 
integrated functions in case of parallel programming 
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Most of these relationships depicted in Figure 4.1 are derived from the empirical material 
discussed above, others were proposed as plausible explanations for unexplained empirical 
findings. In some cases, the sign, positive or negative, of the relationship may be subject 
to discussion. Although being tentative and simplified, Figure 4.1 makes clear, that 
unidirectional and direct relationships between most output characteristics and some 
technical characteristics on the one hand, and the occurrence of integrated functions on 
the other hand are oversimplifications. The relationships hold ceteris paribus, but the 
ceteris are hardly ever paribus. Some of the mentioned characteristics such as product 
complexity and programming comfort have contradicting influences. Yet, Figure 4.1 does 
still not fully explain all findings, as organizational considerations (see above) and other 
contingencies are not included. For instance, the evidence with respect to batch size was 
inconclusive: Table 4.3 shows a negative relationship, but this was not confirmed by the 
data in Table 4.6 (although the negative relationship is generally found in international 
research as in Sorge, 1985), and Figure 4.1 even points to a positiverelationship as longer 
batches allow more programming time. This puzzle may be resolved when organizational 
size is taken into account: small organizations tend to have a lower division of labor c.q. 
more integrated functions than large organizations. Furthermore, Figure 4.1 concentrates 
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on the available programming lime relative to the required programming time, but in an 
absolute sense less programming time is required if product variability decreases. 
If statistical analyses show some significant correlations between the aspects mentioned in 
Figure 4.1, they may be interpreted as the dominance of a specific relationship rather 
than as proof for an unidirectional relationship, or other factors such as organizational 
size and the number of CNC- machines have to be taken into consideration. Hence, 
hypothesis 2 has to be dismissed as a similar oversimplification. It may be impossible to 
disentangle the clew, whereby relationships as depicted in Figure 4.1 provide the ex post 
explanation of empirical findings. Anyway, any 'one best way' is on the far side. 
With respect to hypothesis 3 concerning the use of grouping techniques to reduce the 
product range and its consequences for organization design, little empirical material was 
found with the exception of the third EIM-case. In this case, standardization by means of 
group technology was strived for, and product range concerned small differences in 
basically similar products. Although this organization was characterized as fractionized, 
both characteristics may be viewed as different manifestations of the same organizational 
policy, rather than as being directly related. Nevertheless, it is intriguing to note that the 
use of group technology, which is traditionally associated with integrative work organiz-
ations ('team work'), may be used to change output characteristics, namely to reduce 
product range and increase batches, in order to create favorable conditions for 
fractionized organizations. As the empirical material shows there are considerable 
variations with respect to the output characteristics handled by CNC-machines. The 
argument that CNC-machines, being 'flexible', i.e. capable of handling a large product 
range, are used in a wrong way when large batches are produced, has to be viewed 
critically, especially if techniques such as group technology are used. It is a misconcep-
tion to think that CNC-machines must necessarily be used to handle a large product 
range. CNC-machines provide the option to be used in such a way, but the use of this 
option is critical. Other reasons than handling a large product, such as reproducibility and 
efficiency, may also be reasons to purchase CNC-equipment. 
The suggestion in Dime's work that there may be differences between shifts with respect 
to the output characteristics is worth looking into (Benders, 1992), but there are hardly 
any empirical data concerning this aspect. The matter becomes more important when 
capital intensity, and consequently pressures on machine utilization and the number of 
operating hours, increase (Mueller and Purcell, 1992). Such a policy is likely to have 
consequences for the division of labor. 
Concerning the labor market, it was concluded in both projects that LTS-graduates are 
able to learn to program. This casts serious doubts on the rationality of a recruitment 
policy directed at MTS-graduates, even if this leads to a further division of labor. Given 
LTSers' (potential) ability to program, a recruitment policy aimed at MTSers has substan-
tial disadvantages: scarce programming knowledge gets lost when the MTS-programmer 
leaves, MTSers are paid more than LTSers, the internal labor market is disturbed, as well 
as the disadvantages of more fractionized organizations, most notably coordination losses 
and underutilization of LTSers. Furthermore, this policy may not be sustainable, given 
persisting shortages at the MTS labor market segment, and given the MTSers' career 
perspective of entering positions in lower and middle management (cfir. FME, 1990c). As 
an example ten Have mentions DAF (1988, 68-69). Having started an integrative design 
project with group work, MTSers were felt to be needed on the shopfloor. The groups 
were composed of MTS newcomers and sitting LTSers on a basis of equality. Soon, the 
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MTSers started to look down on the simple, routine work which was part of their jobs, 
which threatened to lead to an undesired intra-group division of labor; MTSers also 
started to use every opportunity to switch to other jobs, either in lower management or a 
supportive job. These problems led DAF to a change in its recruitment policy, which was 
once again directed at LTSers, who were to receive additional schooling. 
The question rises whether the intellectual skill level, certified by a school diploma, is the 
only selection criterion. Possibly, a perceived more positive labor attitude of MTSers 
compared to LTSers plays a role next to intellectual abilities (cfr. Gerlach, 1991). The 
wide-spread belief in 'flexibility' and 'changing environments', and the continuing 
introduction of new technical systems may have increased the influence of ten Have's 
uncertainty and anticipation effects, especially when the ability to quickly learn to 
function in a changed production environment gains importance. Because of this, his 
expectation about the self-correcting process on the labor market may not have come true, 
and employers will continue to ask over-qualified personnel. The FME-data presented in 
section 2.4 point in this direction. The evidence indicates a confirmation of hypothesis 4. 
In conclusion one can agree with Alders and Christis (1988a, 80), who expected the 
division of labor around CNC-machines to increase rather than decrease, although some 
other factors may have counteracted this development. In the meantime, the lack of 
appropriate programming courses at the LTS-level has been resolved. Finally, the market 
availability of more user-friendly programming systems (more parallel programming, 
simulation, and parametric programming) has lowered the skill level needed to program, 
WOP being a fashionable example. Yet, an increasing number of CNC-machines, the use 
of CNC-machine for more complex products and processes, pressure on the utilization of 
capital intensive machinery, further integration of product design, work preparation and 
programming (Ewers, Becker and Fritsch, 1990) and the labor market position of 
programmers may be stronger factors. Whether the current campaign of the Dutch Labor 
Inspectorate to promote the creation of integrated functions will be successful, remains to 
be seen in the light of the multitude and interrelatedness of factors that play a role in 
these decisions. 
4.2 Industrial robots 
The empirical literature on 'work design around industrial robots' in the Netherlands is 
often quite circumstantial or outdated. A 1982 survey by Laurentius, Timmerman and 
Vermeulen, one case in the EIM-study discussed in the previous section, an article by 
Huijgen and Pot (1987) containing a concise description of Volvo's (now NedCar) spot 
welding line, occasional references in Vrakking (1988), a study by a vocational training 
institute (Haring and de Mare, 1991), and a paper by Mossink and Peeters (1992) make 
up the harvest. 
The survey by Laurentius, Timmerman and Vermeulen (1982) contains some information 
about the early history of Dutch robotics, at the time when, according to supplier data 71 
robots were used by 46 firms. Of these, the survey included 58 robots in 38 firms, 
mainly in the metallurgie industries. Over half of the firms employed between 100 and 
1000 persons. The major applications were arc welding (21 robots), spray painting (16 
robots) and handling (13 robots). Generally, the robots replaced manual operations, which 
was seen as a direct motive in 51 cases. The average labor saving was 1,25 person per 
shift per robot. The number of operating hours was hardly ever extended. Of the 38 
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firms, 26 operated only day-shifts, 7 used a two-shift system, and the three remaining 
firms worked three shifts. The four most important reasons were; improvement of the 
working environment, productivity increases, (product) quality improvement, and a lack 
of qualified personnel. The researchers conclude, that robots are generally used to replace 
unattractive jobs, for which it is difficult to find personnel (1982, 9). 
With respect to output characteristics, the following conclusion is drawn: 'Apparently, 
few programs are used (half [of the robots] uses less than 10 programs) during relatively 
long periods (generally changes occur after several days) with fairly short cycle times (for 
half [of the robots] less than two minutes)' (Laurentius c.s., 1982, 54). Furthermore, 
'flexibility' was listed ninth as a purchasing motive. Small and medium-sized batches 
were most common (63 percent), although batch size was not quantified. 
Table 4.10 provides details concerning the division of labor. 
Table 4.10 : The division of labor around Dutch robots in 1982 
1 
| Robot-operator 
| Craftsman 
| Foreman and higher 
1 Maintenance technician 
Ц Supplier 
Programming 
21 
13 
17 
2 
0 
Operating 
32 
8 
3 
0 
0 
Maintenance 
5 
0 
2 
46 
7 
Source : Adapted from Laurentius c.s., 1982, ρ 61 
Unfortunately, these data can be interpreted in more than one way, as no information is 
given concerning the combination of these tasks into functions, and the omission of 
optimizing. However, it can be noted that 11 robots are not operated by workers with the 
title 'robot-operator', but by somebody else (craftsman, foreman) who probably occupies 
a higher hierarchical position and\or status. Furthermore, IS robots do not seem to be 
operated at all as they are not included in Table 4.10, which probably includes all the 
handling robots. Finally, given the output characteristics presented above, one may 
assume that the average programming frequency at the time was low, in which case the 
inclusion of programming into an operator's job adds little to job content (cfr. Peters, 
1986). However, drawing more exact conclusions based on these data seems speculative. 
Huijgen and Pot (1987, 301-303) give a brief description of Volvo's spot welding line, 
which was at the time of the investigation just being implemented. In this department, 
pre-formed steel components are joined to a limited number of car bodies by means of 
spot welding. 
The product in process as well as many components are automatically transported between 
work stations c.q. the spot welding robots. When fully operational, the robotized line was 
to replace the manual welding stations, which was to lead to considerable job displace­
ment. However, the effects on the labor organization and job contents were not clear at 
this time. Although the labor costs of the 'average production worker' were taken into 
account by the cost-benefit analysis, social and organizational criteria did not play a 
demonstrable role in the design process. Global notions about the nature of needed 
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(human) functions sufficed. Only when a significant part of the new equipment was being 
installed and tuned, the hierarchical official concerned started to work out a preliminary 
potential function structure, which formed the basis for several months of discussions in 
which representatives of the personnel and organization department, and line management 
took part. Later, selection and recruitment issues were discussed. 
A year later, a temporary organization structure was decided upon, which was to be 
replaced by a permanent structure in one or two years' time when the line would be fully 
operational. The permanent structure was still subject to discussion, without even a clear 
view of the major function, namely the robot operator. The temporary function structure 
was as follows: 
robot operators who each took care of three spot welding robots. Their tasks 
included optimizing1, quality control and simple maintenance. 
loaders, who were to supply and feed components into the line. 
manual welders for work which was not yet automated as well as to correct faults. 
group leaders. 
maintenance technicians for specialized maintenance jobs. 
mechanics\programmers to program. 
Except for the robot operators, who were required to have an MTS-level, all personnel 
was internally recruited. The maintenance technicians were given internal additional 
schooling, which (obviously) was not necessary for the loaders and manual welders. 
Huijgen and Pot point to the integrative approach that was used to create the function of 
robot operator. They also conclude that a dual function structure came into existence, 
with highly skilled robot operators and maintenance technicians on the one hand, and 
loaders and manual welders, performing routine jobs, on the other hand. The routine 
work was expected to disappear under influence of further automation. 
The organization is known to have introduced task groups in the Born plant, but system-
atic data are not available. 
The following case description is derived from the EIM-study, discussed in the previous 
section (Poutsma et al., 1986). The firm under study was one of the first Dutch adopters 
of robots. It employs about SO people, and is located in a small village. Being family-
owned, the firm is characterized by a centralized organization structure, but few has 
hierarchical levels. Most work is routine (loading an^ unloading) and requires little 
schooling. Because of this, workers can easily be interchanged, which feature is exten-
sively used. Being scarce employees, the welders are generally put to work in the welding 
department, but they rotate between manual welding and operating the robot. 
The robot is used for arc welding, more specifically to weld under-frames for barrows, 
which is classified as a simple product with a short welding time. Over the years, the 
robot had to be re-programmed twice because of a changed frame design. Thus, the 
programming frequency is very low. Batches are 'several thousands', and cycle times are 
short. Most work is routine. However, the robot's programs need to be frequently 
adjusted c.q. optimized. Both programming and optimizing are performed by the technical 
director, as the welders have little schooling and programming requires abstract knowl-
edge. The lack of experience, and the primitive programming method led to considerable 
start-up problems. The two fixtures were made internally. 
One maintenance mechanic \ foreman was supposedly able to program, but he hardly ever 
actually programmed. The robot operators did not require additional schooling, but were 
instructed by the technical director. Labor saving and constant reproducibility were seen 
1
 The degree of difficulty of this work must not be overestimated, as stated by an interviewed Volvo 
employee: 'even monkeys can do that work' (Roobeek, 1987, 91). 
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as important advantages. Overall, the introduction of the robot led to little organizational 
changes. Compared with some automatic spot welding machines placed in the same 
department, more tasks have to be performed around the robot. Furthermore, more 
components need to be placed more accurately in the fixture. The work at both kinds of 
equipment is routine, repetitive, and short-cyclic. 
Vrakking (1988) describes briefly fourteen projects on the implementation of several 
forms of manufacturing automation. Three of these contain some occasional references to 
robots as a part of advanced manufacturing systems. ATAG's Lichtenvoorde plant uses 
three robots in a production line for furnaces, in Schlumberger's Dordrecht plant, four 
robots are used in an assembly line, and in Roermond, the Staalcentrum Roermond 
operates an advanced cutting system, of which a cutting robot forms the central part. The 
common characteristic in these cases is the fact that considerable job displacement took 
place. At AT AG, the workforce was reduced from 20 to 7 persons, Schlumberger's 
assembly system meant to incorporate 'a minimum of human activities' which resulted in 
a loss of 11 positions, and in Roermond, productivity was increased so drastically, that 
the three-shiñ system was replaced by one shift, and 10 out of 18 persons were replaced. 
At Schlumberger, labor saving and the prevention of the creation of monotonous, 
repetitive jobs were arguments for this job displacement. 
With respect to job design, assembly work was replaced by supervising and operating at 
Schlumberger. In Roermond, heavy work such as carrying work pieces was eliminated, 
and replaced by machine supervision. Data on ATAG are lacking. 
A more comprehensive, yet selective overview is given in Haring and de Mare (1991), 
whose aim it was to investigate whether the use of industrial robots had lead to a need for 
specialized courses in the national apprenticeship system. Their project covered 26 
organizations using a total of 454 robots. Large organizations are overrepresented; the 
two largest organizations use a total of 383 robots, mainly for handling (152), spot 
welding (110) and assembly (112). The remaining 24 organizations had 71 robots; 36 of 
these were used for arc welding. Robotized welding was found in 17 organizations, of 
which 15 had no other process robotized. Compared with other applications, the produc-
tion environment of welding robots (mainly arc welding) is more often isolated and less 
technically advanced. In almost all organizations, welding robots are fed manually; the 
percentage for other robots is 50. Table 4.11 contains data concerns the minimum and 
maximum batch sizes for both groups of robots. 
Table 4.11 : Batch sizes for two groups of industrial robots 
Application Γ " * Minima \ maxima 
Welding 
(n=17) 
Other 
applications 
Minimum 
Maximum 
Minimum 
Maximum 
Size categories of batches 
< 1,000 
14 
7 
4 
2 
1,000-25,000 
1 
7 
4 
2 
> 25,000 
2 
3 
3 
7 
Source : Adapted from Haring and de Mare, 1991, ρ 10 
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It can be inferred from Table 4.11, that the average batch size is fairly long for all 
applications, although welding robots tend to produce shorter batches than other robots. 
Still, only 7 out of 17 welding robots are not used for batches of more than 1,000 
products. It has to be noted, however, that large organizations, which are typically 
associated with large batches, are overrepresented in this study. 
Although Haring and de Mare distinguish five different 'job profiles', only two of these, 
namely the operator-programmer (generally integrated functions) and the regular operator 
(partially-integrated and split functions), spend more than five percent of their time on 
robot related work. The exact percentages range from 90-100 per cent for welding robots 
(both groups of personnel), 10 to 25 per cent for operator\programmers of 'other 
applications' and 1-100 per cent of the regular operator. Nine organizations which only 
use welding robots have operators\programmers (60 per cent), compared to 22 per cent 
for the total population. The organizations employ a total of 25 persons in work prepara­
tion. These people often program the robot. 
Mossink and Peeters (1992) visited four robot-using plants on behalf of the Labor 
Inspectorate, which forms a part of the Ministry of Social Affairs and Employment, and 
is responsible for the control of labor laws. The Labor Inspectorate ordered the researcher 
to prepare a publication to instruct robot users about the effects and consequences of 
introducing robots on job content and the working environment. Table 4.12 contains the 
data on 13 cases as far as they concern operator's job content (a fourteenth case B6 is left 
out, as it concerns a training station; furthermore, the original sequence was altered in 
order to group applications). 
Table 4.12 : Operator's jobs around 13 robotized workspots 
j Case(-s) 
A 1 
A 2-3 
D14 
B4a\b 
B5 
B8 
B7 
C9-10a 
Ы1 
D 12-13 
Application 
Cleaning 
Handling 
Palletizing 
Spot welding \ brushing 
Spot welding 
Laser cutting 
Arc welding 
Arc welding 
Arc welding 
Job content | 
Supervision | 
Supervision; once a day (un-)loading buffer | 
Supervision; occasional pallet removal [ 
Supervision; (un-)loading; optimizing | 
As above plus quality control and after-treatments 
Supervision; (un-)loading 
Supervision; (un-)loading 
Integrated functions plus manual welding, 
maintenance, and parts supply 
(Un-)loading 
Source : Adapted from Mossink and Peeters, 1992, ρ 5 
Cases B4a\b and C10a\b are both work cells containing two robots. 
The authors described some further effects on job content. In cases C9-10-11, 'fairly 
complete jobs' exist, 'though programming and maintenance take little time' (as far as 
programming is concerned, this is an indication that few new products are introduced). 
The elimination of repetitive work was achieved in cases Al-2-3 and D14. In cases A2-3, 
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the robots are used to (un-)load hot workpieces from\into furnaces. The latter cases form 
a contrast with cases B4, and D12-13, where monotonous jobs were created. 'Little 
autonomy' is a characteristic of cases B4-7-8, and D12-13. Few opportunities for contacts 
are problems in cases B4-5-8, and D12-13. Isolated works spots are mentioned in cases 
Al, B4-S-8, C9-10-11, and D12-13. In case C9 this is less problematic as long cycle 
times allow the operator to leave the work station for a short period. 
The improvement of working conditions by robotizing the work, was the main motive to 
implement robots in case A, be it that recruitment problems were mentioned in connection 
with this. Recruitment problems also motivated firm С to buy arc welding robots; the 
professional opportunities offered by robots were supposed to attract welders. However, 
later the welders felt degraded: after having programmed the robot, repetitive (un-)loading 
remained. Later, the tasks mentioned in Table 4.12 were added to the welders' c.q. 
operators' functions. 
In general, Mossink and Peelers conclude, that the 'job content of robot operator's leaves 
much to be desired' (1992, 4). This conclusion leads them to make some recommenda­
tions for improvement. Firstly, work content can be improved by interfering in the 
production and labor organization (not the typical MST-character of this recommenda­
tion). Thus, improvement measures should not be restricted to robot-related activities. 
Programming and optimizing often take little time, and thus offers little opportunity to 
improve job content. Secondly, the use of buffers can prevent machine-paced jobs (it was 
observed, that operators tend to keep up with the robot's speed, even when not strictly 
necessary). 
Conclusions and discussion 
Unfortunately, the circumstantial nature of the empirical evidence does not allow to draw 
conclusions with a high degree of certainty. The statistical material was gathered more 
than ten years ago, in the introduction period of industrial robots. Since then, the number 
of robots has increased by a factor twenty-three at least (see section 3.2). However, some 
tentative remarks can be made. 
It is necessary to make a distinction between stand-alone robots such as most arc welding 
robots, and robots which are a part of a larger whole, for instance those at ATAG, 
Schlumberger, Staalcencrum Roermond, and NedCar\Volvo. About half of the robots used 
for 'other applications' in the study by Haring and de Mare (1991) are linked to other 
system components, and perhaps even integrated in a composite system. In such compos­
ite systems even pure technical changes can not be attributed solely to robots, let alone 
consequences for non-technical aspects. As far as the empirical material allows top draw 
conclusions, a significant part, if not all, of the manual work was automated by the 
introduction of such composite systems, leading to job losses. Not only the robotized 
activity itself was automated, but also other activities such as (un-)loading, transport of 
products and tool setting. The differences between the work around, respectively, stand­
alone robots and composite systems probably explain the differences in spending time by 
operators for the two groups of applications distinguished by Haring and de Mare (1991). 
(Un-)loading only occurs at the beginning and end of the line, and supervision forms a 
major part of operator's work, who may also conduct other tasks. As the total production 
system determines the possibilities to handle a certain product range, i.e. all system 
components must be able to handle this range, robots incorporated into these systems, are 
likely to handle a smaller number of different products than stand-alone robots. The 
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implementation of task groups (after years of having used more traditional forms of work 
organization at Volvo\NedCar) proves that there is a fairly large freedom of choice to 
form and even experiment with different kinds of work organization around a composite 
system, in this case the spot welding line, and that this option is actually used. 
In case of stand-alone robots, (un-)loading often forms the major part of the operator's 
jobs. The output characteristics determine the frequency with which these tasks occur. 
The survey data show that few programs are used and cycle times are often short. Batch 
sizes vary. Small and medium-sized batches were reported to be most common by 
LaurenQus c.s., but they also report that programs are generally changed only after a few 
days. The findings of Haring and de Mare (see Table 4.11) also point to relatively long 
batches, although the average is probably lower for welding robots than for robots used 
for other applications. These output characteristics probably have much to do with the 
commonly used teach-in programming method (see section 3.1), which restricts the 
economic feasibility of handling a large product range (Groover, 1987). Probably, this 
constraint is more important than the use of variety reducing techniques, which could not 
be shown to have been applied in connection with robots (see hypothesis 3). Unfortunate­
ly, there are no empirical data available on the use of programming methods, although 
there is a communis opinio, that other programming methods than teach-in programming 
can be regarded as exceptions. 
The case of Poutsma shows the effects of the output characteristics on jobs: repetitive and 
monotonous work is created, which occurs more to the extent that batches are longer and 
cycle times are smaller. If no or only a small number of new products are introduced, 
little time is spent on programming. Optimizing and testing only take place if programs 
are changed, which in 1982 happened once in several days according to the survey data. 
As case C9 shows, in case of long cycle times the effects of machine-paced work are 
alleviated. The survey data of Laurentius c.s. and Haring and de Mare, and the cases 
provide strong indications, that much of the work around stand-alone robots consists of 
feeding the robot, which regularly is a machine-paced activity. Thus, much work around 
stand-alone robots is routine. However, if the robots in firm С are confronted with the 
cases B7-8, D12-13, and the EIM-case, it can be concluded that this is not a necessity, 
provided that other such as indirect tasks, are added to jobs. One has to realize, however, 
that firm C's jobs were not improved until worker resistance occurred. These findings 
confirm the impact output characteristics have on work content as far as operating tasks 
are concerned. However, hypothesis 2 links the output characteristics to the occurrence of 
integrated jobs, which relationship is left undiscussed in the empirical material. 
In some cases, robots are used to eliminate unattractive jobs, as was the case with 
monotonous assembly jobs at Schlumberger, and the (un-)loading of furnaces in case A. 
In 1982, improvement of the working environment was mentioned as an important motive 
to purchase robots. However, as shown in case A, this improvement is likely to be 
connected with the solution of recruitment problems rather than to humanistic concerns. 
Furthermore, such an amelioration seems to be limited to specific applications, mainly 
handling. Furthermore, as the cases by Mossink and Peeters show, an unsafe working 
environment and jobs with an unattractive work content may result after the implementa­
tion of a robotized workspot. This is not a necessity, and can be counteracted by taking 
(generally technical) safety measures and applying different design rules to the newly 
created organizational task pool, as illustrated by the NedCar\Volvo example and Mossink 
and Peeters. The reorganization process at Volvo\NedCar confirms hypothesis 1 about the 
independency between organizational design orientation and the technical system used. 
The same holds for the differences in work content found in the various cases. Unfortu-
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nately, no indications were found about the possible importance of the various program-
ming methods for the creation of integrated functions (see section 3.3). A similar 
conclusion can be drawn with respect to the influence of the labor market, as proposed by 
hypothesis 4. 
4.3 Flexible Manufacturing Systems 
The number of flexible manufacturing systems, including flexible manufacturing cells in 
the Netherlands is small. Given this small number, it is remarkable how many FMSs have 
been the subject of research concentrating on organizational aspects. Although the division 
of labor does not always form the heart of such research, the studies seem to give a fairly 
adequate insight into this aspect. Much of this work has been conducted at the University 
of Twente by Willenborg, Krabbendam, and Slomp. Willenborg and Krabbendam studied 
six firms using a total of eight FMSs. Three of these firms are Dutch (DAF, Grasso and 
Stork), the others being, respectively, Belgian and Scottish. DAF used three FMSs at the 
time, one of which is installed in Westervoort, Belgium. Consequently, it is left out of 
this discussion. In the following, Willenborg's 1987 dissertation is used as the major 
source, but the description is supplemented by data from a summarizing article in English 
(Willenborg and Krabbendam, 1987). Table 4.13 gives an overview of Dutch FMSs 
studied, and contains the main sources used. 
Table 4.13 : List of some Dutch FMSs 
| Firm 
i DAF (2 FMSs) 
j Enraf-Nonius 
Grasso 
Humabo 
Stork 
Plant location 
Eindhoven 
Delft 
Den Bosch 
Hengelo 
Boxmeer 
Sources 
Krabbendam, Willenborg 
Lok and Slomp (1990) 
Krabbendam, Willenborg; Vrakking (1988) 
Slomp and Spijkerman (1988); 
Slomp and Verbeek (1989) 
Krabbendam, Willenborg; Vrakking (1988) 
Table 4.14 (see page 100) contains some characteristics of four Dutch FMSs used by the 
organizations described above. 
DAF produces trucks. In 1987, the firm used two FMSs in its Eindhoven plant, one in 
the department for mechanical components (MC) and one in the motor department (MO). 
Both are operated in three shifts. DAF-MC's FMS consists of four machining centres, 
each with its own tool magazine and pallet carrousel. DAF-MO produces motor parts. 
The FMS has 16 CNC-machines, which are grouped in a line lay-out. The output 
characteristics on both FMSs are fairly similar: the product range and variability are low, 
and batches are large. Grasso is the world market leader for compressors. Its FMS is 
placed in a functional lay-out, although plans existed in 1987 to replace this by a group 
lay-out. The FMS consists of two separate machining centres coupled to a central 
computer, and automatic tool and work piece transport. The product range is quite broad, 
product variability is low, and batches are small. 
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Table 4.14 : Characteristics of four FMS-cases 
Case 
Characteristic 
Plant size (# employees) 
Number of machines 
Main product produced on FMS 
Batch size 
Product range 
Product variability 
Reduction direct personnel (percent) 
Number of shifts 
Number of operators per shift 
DAF-MC DAF-MO 
5600 
4 
chassis 
bow 
large 
20 
low 
83 
3 
2 
16 
motor 
parts 
large 
16 
low 
45 
3 
8 
Grasso 
400 
2 
crank 
house 
small 
75 
low 
40 
2 plus 
2 
Stork 
700 
2 
cubic 
parts 
small 
315 
high 
38 
2 plus | 
3 j 
Sources : Compiled from Willenborg and Krabbendam, 1987, ρ 1685 and 
Willenborg, 1987, ρ 74 and Appendix 4 
Stork Boxmeer produces machinery for textile industries. The FMS has two machining 
centres, each with a tool carrousel and automatic pallet changer, automatic work piece 
transport, buffers and loading stations, and a robot brings the tools from the tool 
magazine to the machining centres and vice versa. According to Vrakking (1988, 162), it 
is unique as it is able to handle 315 different components in batches of 5 to 150 units, and 
has an average cycle time of 22 minutes. This unique use poses high demands on tool 
management. A simulation program was used to make unmanned manufacturing possible. 
The plant has a group lay-out. 
Willenborg pays attention to Organizational policies', which capture among others the 
notion of organizational design orientations (1987, 77-80). In the beginning of the 1980s, 
DAF's top management initiated some organizational renewal projects, among which 
'flexible production automation', 'quality of working life' and 'total quality control', 
which were felt to be necessary in order to comply with changing market requirements, 
especially an increasing number of product variants. The project 'quality of working life' 
started in 1982, and was a reaction on the 'existing, Tayloristic organization' with its 
'strong separation of thinking and doing, rigid automation, many hierarchical layers, and 
functional departmental structure' (Willenborg, 1987, 80). It aimed to reallocate tasks 
from staff departments to line departments, and from higher levels to lower levels, 
thereby upgrading the work of production workers. Stork's policy is aimed at the 
lowering of costs and an increasing 'production flexibility'. The firm is an early adopter 
of new technical systems. Flexibility and simplicity are the central principles to structure 
the organization. According to the management, the production process can never be fully 
planned from a distance, and unexpected events always occur. Because of this low 
predictability, the policy is to give shop-floor personnel as much decision latitude as 
possible. Furthermore, one strives not to split jobs in order to have a workforce, which is 
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broadly déployable. Grasso has a hierarchical culture. According to its management, 
automated machines require a much stricter and more disciplined organization than 
conventional machines. Consequently, work preparation has to be regulated in a system-
atic way, and standard ways of working have to be laid down in instructions, which are 
made by technical specialists. As much as possible, work preparation and production 
planning have to be regulated ex ante in specialized departments. Production personnel 
have to follow the rules in a disciplined way. 
Table 4. IS comprises data concerning the division of labor around these FMSs. 
Table 4.15 : The division of labor around four Dutch FMSs 
Task 
Operating tasks \ (un-)loading 
Pre-setting tools 
Quality control 
Internal work distribution 
External work distribution 
Work preparation \ NC programming 
Adjusting new methods 
Testing new products 
Testing existing batches 
DAF-MC 
1 
2 
1 
1 
2 
3 
3 
3 
1 
DAF-MO 
1 
2 
1 
1 
2 
3 
3 
3 
1 
Grasso 
1 
2 
4 
1 
4 
4 
4 
4 
4 
Stork 
1 
1 
4 
1 
2 
3 
3 
3 
-
Source : Adapted from Willenborg, 1987, ρ 125 
Table 4. IS needs clarification. The numbers refer to the following employees: 
1 Internal generalist, i.e. the FMS-operator. 
2 Internal specialist, i.e. another employee employed within the manufactur­
ing department (generally a 'system manager'). 
3 External generalist, i.e. an employee, employed in another department than 
manufacturing, who has more tasks than the task mentioned. 
4 External specialist, i.e. an employee, employed in another department than 
manufacturing, specialized in the tasks mentioned. 
There are some differences between the three cases: Grasso is characterized by a high 
division of labor, whereas Stork's operators perform a broader range of tasks. DAF 
occupies an intermediate position. The Organizational policies' are clearly reflected in the 
division of labor around these FMSs. In none of the cases, including the foreign firms, 
integrated functions occur. The absence of integrated functions can be explained by a 
pressure on machine utilization and the specialist character of programming knowledge. 
The capital intensity of FMSs leads to a heavy pressure on its utilization. This stress 
results in a full utilization of the FMS during production hours, and a large number of 
operation hours, regularly a minimum of two shifts plus some hours of unmanned 
production (Stork and Grasso) or even three shifts (DAF). Programming demands 
specialist knowledge, partly because many factors which are not directly related to 
manufacturing such as the availability of proper fixtures and tools, have to be taken into 
101 
account to use the FMS efficiently. Thus, in comparison with conventional machines and 
CNC-machines, work preparation becomes more complex after the introduction of an 
FMS. In all cases, optimization of programs is part of a specialist programmer's job, 
although at DAF and Stork the FMS-operators sometimes make simple adjustments in 
programs for new products. 
The degree to which the FMS can perform the distinguished activities automatically is 
seen as an important element by Krabbendam. This determines to an important degree the 
elimination of work, and therewith job displacement, all organizations aimed at, and 
succeeded in producing with less direct personnel (see Table 4.14). Positioning, and the 
major part of transport are automated. Krabbendam (1988) states, that FMS-operators in 
general have two important tasks, namely (un)loading work pieces and controlling tool 
quality, which is necessary because precision requirements are high. This also holds for 
loading and unloading, which make up the bulk of an FMS-operator's work. (Un)loading 
requires accurateness, but is a routine job. Nevertheless, all three firms demand a 
qualification level from FMS-operators that is higher than the level demanded from 
operators of conventional machines, i.e. from LTS to LTS\MTS. Grasso employs two 
MTS-graduates, who train two LTS-graduates as FMS-operators. Stork recruited MTS-
graduates to operate the FMS, who were to cooperate with internally selected CNC-
operators with LTS. DAF's policy, at that time, was to recruit MTS-graduates, who were 
to follow an extensive internal training program. Willenborg explains these rising 
qualification requirements because of an increased complexity of the operating tasks. 
DAF and Stork signal that specialist knowledge is required for work programmers and 
programmers, but this has not resulted in rising qualification requirements, which is in 
contrast to the situation at Grasso. 
Overall, many direct tasks are automated, and new specialized tasks are created. In 
comparison with the pre-introduction period, the average skill level rises because much 
direct work is eliminated, and specialized work is created. This changed organizational 
task structure is reflected in the new function structure. 
The Humabo-case provides another example. Humabo is a machine-building firm, 
employing 100 persons. Its FMC has two identical machining centres, ten pallets, 
automatic work piece and tool transport by means of a handling robot, a tool magazine, 
and parallel programming. It processes 12 different aluminium products, each in approxi-
mately ten variants. Batch sizes range from 10 to 200, and have declined since the 
introduction of the FMC by a factor 3 to 4. The pallets can hold different work pieces, 
and the cycle time per pallet ranges from 30 to 60 minutes. 
The FMC-crew consists of three persons, a system controller and two operators. The 
FMC is operated in two shifts, with one operator in each shift. The system controller 
works day-shifts, and conducts the non-routine activities such as programming and 
testing. He is the only FMC-worker who took maintenance courses, next to operating 
courses, which makes him difficult to replace. The operators perform routine tasks. They 
load products on, and unload products from pallets at the loading station, replace wom-
off tools, start new jobs, remove chips, and supply lubrication oil. At night, the FMC is 
operated unmanned. The operator in the evening shift prepares pallets, which are stored 
in a buffer to be processed during the night. 
The more complex and more easily changeable situation initially led to more intensive 
contacts between the planning department and the manufacturing. More than a year after 
the installation of the FMC, it was decided to decentralize detailed production planning to 
the manufacturing department to the system controller. A specialized production planning 
and control (PPC) system was developed for this purpose (Slomp and Zijm, 1992). 
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In the article on Enraf-Nonius, which merged in February 1990 with Oldelft to form Delft 
Instruments, (Lok and Slomp, 1990), another organizational option is described. Its FMC 
has two identical machining centres, both with an automatic pallet changer, and two 
loading stations. The FMC is used for 26 products, under which cast-iron components of 
the firm's main product, level meters. The number of products handled by the FMS was 
expected to increase. Batch sizes vary from 25 to 275, with an average of 40. This 
average was 110 before the FMC was implemented. 
Several (classical) sociotechnical principles were worked out in the Enraf-Nonius case. In 
1988, the lay-out of component production was changed from functional to 'more group-
wise', which transition process was still in progress at the time the article was written. 
'Relatively autonomous units' were (to be) created, which are combinations of men and 
machines which are able to process several products. The FMS is situated in one of these 
so-called 'production units', named PU-2, which fulfils a model function. Enraf-Nonius 
had a policy which stressed working independently with delegation and decentralization of 
authorities and responsibilities. As a consequence of this policy, PU-2 is responsible for 
production, machine maintenance, testing NC-programs, tool management, and quality 
control. Within the unit, three functions exist, namely 'unit co-operators' (four persons), 
'tool setter' (one), and 'unit manager' (one). 
The operators (un-)Ioad the pallets, monitor the production process, and change the tools. 
They are held responsible for the completion of the detailed production schedule. This 
schedule is made by the PU-2's unit manager, who also acts as a contact person to other 
departments. As in the Humabo-case, a tailor-made PPC-system was developed (Slomp 
and Gupta, 1992) and tested (Slomp and Gaalman, 1992). The operators and the tool 
setter are consulted before the detailed production schedule is made up by the unit 
manager. Slomp and Gaalman mention as a point of criticism after the evaluation, that the 
operators themselves should have a certain latitude to assign jobs to machines (1992, 
664). The setter takes charge of setting tools, and is responsible for the presence of the 
right set of tools and their quality. He only works the day-shift. 
As in the Humabo-case, at the end of the second shift pallets are prepared for unmanned 
production during the night. At the time the article was written, possibilities to increase 
the number of nightly production hours by increasing the number of pallets were being 
investigated. 
Conclusions and discussion 
FMC\FMSs are technically advanced manufacturing systems. The machining centres and 
large number of automated activities such as tool transport and handling, make these 
systems fairly expensive. This puts a high pressure on FMS utilization with respect to 
both hourly output and the number of operating hours. In all cases, there are three shifts 
or a two-shift system is combined with at least three hours of unmanned manufacturing 
after the second shift. The planning situation is complex, as numerous conditions have to 
be taken into account: machining capacities, pallet capacities, and the availability of tools. 
In case of Enraf-Nonius and Humabo, specialized PPC-systems were developed. 
No explicit measure was included in the studies to measure product complexity. Probably 
there is some variation with respect to product complexity: Humabo's cast-iron compo-
nents may be more simple than the motor parts produced by DAF-MO's FMS. Neverthe-
less, one may conclude from the case data that the average product on an FMS is fairly 
complex compared to the products made on conventional machines, which is logical 
considering that FMSs can combine various operations in one production run. There is 
also some variation with respect to product variability: in some cases, the configuration is 
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set-up to produce a fixed product range (DAF, Grasso), in other cases new products are 
frequently introduced on the FMS (Stork, Enraf-Nonius). The product range may also be 
limited (DAF, Enraf-Nonius) or very diverse (Stork). A similar picture emerges for batch 
sizes: small (Grasso, Stork, Humabo, Enraf-Nonius) and large (DAF) batches occur, 
although the latter are a minority in these specific cases. With respect to hypothesis 2, 
this broad variety on output characteristics makes no difference for the number of 
integrated functions: they probably do not exist around FMSs in the organizations 
discussed above, and were not found in other studies (ISI-ISF, 1987; Willenborg, 1990). 
This can be explained by two reasons. Firstly, the pressure to constantly utilize the FMS 
means, that (un-)loading is a continuous process. This work is not directly machine-
paced, but decoupled from the processing operations by buffers. These guarantee a 
constant flow of products c.q. a high utilization rate. (Un-)loading takes even more time 
in case of unmanned operation during the night. In this case, the pallets have to loaded at 
the end of the last manned shift and the processed work has to be unloaded during the 
beginning of the first manned shift on the following day. Furthermore, FMS-operators 
need to monitor the production process, and take appropriate actions in case of unforeseen 
events. In most cases, the operators are at least partially responsible for scheduling, 
which is one of the main operating tasks determining the system's productivity. 
Secondly, programming FMSs is a highly complex activity, as many factors have to be 
taken into account simultaneously. This work is done by specialists, which is also true for 
most other tasks (see Table 4. IS). DAF has partially-integrated functions, but in the other 
cases even optimizing is generally not done by the FMS-operator. 
Even though the FMS-operators are not or only hardly involved in programming 
activities, there is some variation with respect to the assignment of indirect tasks (Table 
4.15). Changing, replacing or pre-setting tools and\or quality control may be included in 
the function of the FMS-operator, but the main part of their work consists of (un-)loading 
and process monitoring. The overall picture that emerges is one of polarization: routine 
tasks are conducted by FMS-operators, while specialists take care of the non-routine 
tasks. Willenborg concludes that the sharp dichotomy concerning the division of labor 
around the FMSs, which is signalled in international literature, is not present in the cases 
included in his study (1987, 126-130). A possible explanation might be, that the reduction 
of direct work is so drastic, that there are only a few persons left which makes an 
extreme division of labor impossible. Five out of six cases have a maximum of three 
operators per shift, which leaves little room to create specialist functions for routine 
activities. Non-routine activities, especially in work preparation, are often assigned to 
specialists, also because the FMS has to run smoothly, which requires a perfect prepara-
tion. The influence of an organizational design orientation is most clear in the assignment 
of tasks to persons in different departments (see Table 4.15) rather than in the jobs of 
FMS-operators. Perhaps this is caused by the high pressure on FMS-utilization, leaving 
little room for large variations in the operator's job. 
The Humabo and Enraf-Nonius cases show, that operators work two shifts, whereas 
specialists works only day-shifts. Operators probably have to be able to work indepen-
dently during the second shift, although no mention is made of the consequences of the 
different manning during both shifts for the activities carried out. If FMS-operators 
conduct only routine activities, there may be little variation between both shifts, but if a 
specialist, such as Enraf-Nonius' setter, just works the day-shifts, variation may be 
inevitable. 
Discussing Swedish experiences, Bengtsson (1992, 38) addresses the issue of 'machine 
system knowledge', i.e. knowledge concerning the functioning of the system, which is 
necessary to optimize the daily operation process, solving disturbances, and deal with 
unexpected events. Such knowledge is 'particularly insistent in highly automated FMS' in 
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connection with 'continuous operation and availability'. Probably, machine system 
knowledge is a useful concept to describe the changes in the required qualification levels 
of FMS-operators. As in process industries, less manual and more intellectual skills are 
needed. Manual intervention is replaced by computerized control systems. Yet, close 
process supervision is necessary in order to detect potential disastrous faults in an early 
stage. FMS machining experience is needed to be able to build-up such knowledge. This 
kind of knowledge stands in contrast with the bulk of routine work conducted by the same 
operators. 
Detailed labor market data are missing. Combining estimations about the number of 
Dutch FMS\FMCs and the average number of operators per FMSVFMC, one can 
conclude, that the total number of FMS-operators in the Netherlands is most probably 
lower than 200. As well qualified and loyal personnel is generally selected to work with 
these systems, who subsequently seem to occupy a privileged position, work on FMS\-
FMCs may be firm or system specific, no general education exists for FMS-operators, 
and the geographical mobility is limited in the Netherlands, the impact of the labor 
market is probably negligible except for the clear division reflected in the polarized 
function structure. 
The tendency to raise the educational level of FMS-operators compared to conventional 
machinists may seem strange if one only takes the complexity of the operating tasks into 
account, but may be explained by the necessary machine system knowledge or a tendency 
to entrust capital-intensive equipment to persons with higher educational levels. Willen-
borg's citation of a manager illustrates, that such a policy may be hard to maintain: 'How 
can I keep a MTS-er motivated if he has to spend one-third of his time on loading?' 
(1987, 129). 
4.4 Conclusions and discussion 
Well before the 1990s, the conclusion that technological determinism does not exist, but 
that there are degrees of freedom with respect to organizational design instead, has 
become a truism. Thus, a mere reconfirmation of these facts as found in the previous 
sections, is not sufficient. An attempt should be made to identify variables that influence 
the choice for a specific design, or put differently, how the degrees of freedom are used. 
Passing the station of technological determinism, it can be concluded from the empirical 
material in this chapter that organizational design principles, technical characteristics, 
output characteristics, and labor market considerations influence such a choice, often in 
complex interconnected ways. Economic considerations form the backbone of this 
process, as the choice for any design is influenced by ex ante perceived and estimated 
economic advantages and disadvantages, and ultimately by the actual economic perfor-
mance. In the following, these general statements are made more concrete by using the 
empirical material with respect to automation of discrete manufacturing processes in the 
Netherlands. For this purpose, a distinction is made between the stand-alone machines 
CNC and robots on the one hand, and composite systems such as FMSs and an occasional 
robotized system on the other hand. The latter are generally more capital-intensive than 
the former, which puts a high pressure on their utilization. This shows in the continuous 
operation of composite systems during a large number of hours. Both have consequences 
for the division of labor. 
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Striving toward continuous operation is an insurmountable obstacle for the creation of 
integrated functions around composite systems, as these have to be (un-)loaded and 
monitored continuously, leaving no time for programming. The solution of alternating 
physical places to allow operators to program, as Peters recommends for CNC-machines, 
has not occurred, probably because programming composite systems not only requires 
programming skills, but also insight into талу technical and organizational factors, which 
jointly set the conditions in which the programs have to work. Therefore, the differences 
in work organizations around composite systems probably show more in other, indirect 
functions than the operator's function. 
The case is totally different for stand-alone machines, where programming and optimizing 
may or may not be part of the operator's job. Furthermore, various decisions were taken 
with respect to the division of indirect tasks. The decision whether or not to create 
integrated functions depends on a broad spectrum of considerations. Less integrated 
functions occur with an increasing organizational size, an increasing number of CNC-
machines, three-dimensional operations compared to two-dimensional operations, and 
higher programming comfort. Yet, a multitude of other factors, some of which are 
included in Figure 4.1, play a less evident role, and the relationships between these 
factors confuse the total picture. A finding of a more speculative nature is, that integrated 
functions do not occur more, and probably even less, around industrial robots than around 
CNC-machines, which is discussed further on. 
Fruytier and ten Have (1990) and Mossink and Peelers (1992) suggest looking for 
changes in the division of indirect labor to improve the jobs of, respectively, CNC-
operators and robot operators. Such changes concern the job decision latitude of these 
operators, for instance making decisions on work distribution, work sequencing, the 
choice of tools and machines, and programming. Including programming in operators' 
jobs is then only one, albeit important aspect allowing operators a certain job decision 
latitude. It raises the question to what extent operators can be craftsmen even when they 
do not program. Is an integrated function around a parametrically programmed CNC-
machine more or less 'craftsman like' than the split job of a FMS-operator with a high 
job decision latitude and full responsibility for the system? Such a question can only be 
answered after thorough theoretical discussions and the subsequent development of a 
measure to weigh importance of these different tasks. The empirical material does not 
provide sufficient data to get insight into the division of indirect tasks, or even of tasks 
influencing the job decision latitude other than programming. An indicative answer is 
given by Bell (1990), who conducted research to improve work content at DAF-MO, 
which was also included in Willenborg and Krabbendam's research on FMSs as well as 
reserach on CNC-machines (Peters, 1986; COB\SER, 1988). The FMS was left out of his 
project 'Redivision of Tasks' because 'the FMS-operators already have relatively broad 
tasks with a high job decision latitude and high job demands' (Bell, 1990, 53). Further­
more, the machine system knowledge of independently operating FMS-operators must not 
be underestimated, and may form the prime reason why their education level is on 
average higher than that of respectively CNC- and robot operators. Yet, this stands in 
sharp contrast with the fact, that their work consists mainly of loading and unloading (cfr. 
Willenborg, 1987, 161). 
Integrated functions probably occur less around robots than around CNC-machines 
because of a combination of technical and economic considerations. The relatively simple 
teach-in method used for robots does not stimulate the creation of integrated functions 
compared to the more abstract ways of programming CNC-machines. The reverse could 
have been expected, as simpler programming methods can be more easily learned by 
operators. The output characteristics form a moderator variable in this relationship. 
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Because of the on-line programming method robots produce, on average, longer batches 
of fewer products than CNC-machines (also see Hagedoom, 1988). These different output 
characteristics have consequences for the work to be performed; the bulk of the operator's 
work consists of loading and unloading (Poutsma et al., 1987; Mossink and Peeters, 
1992). 
This last conclusion can also be drawn for composite systems (Vrakking, 1988; Krabben-
dam, 1988). Both robots and composite systems are, for a combination of technical and 
economic reasons, more limited than CNC-machines with respect to the product range 
handled. Although robots are technically reprogrammable, this option may hardly be used 
because, economically, it is only feasible when a substantial number of products will be 
produced (according to the expectations). Composite systems are limited in their 'flexibili-
ty' because all system components have to be able to handle a certain product range. 
Writing a program does not suffice, but an aspect like the presence of sufficient quantities 
of the proper tools and fixtures has to be taken into account as well. Such techno-
economic considerations influence the characteristics of the output produced on technical 
systems in general, and therewith the frequency with which activities occur. For instance, 
the teach-in method poses strict limits on the economic feasibility of writing new 
programs, which leads to a low product variability, and hence product variety. 
Consequently, the programming and optimizing frequencies are low, leaving operating, 
i.e. mostly (un-)loading, as the foremost important activity in quantitative terms. The 
frequencies with which these tasks occur put constraints on possibilities to redesign work: 
for both CNC-machines and robots it was argued, that the inclusion of programming into 
the operator's job adds little to the operator's work content if programming hardly ever 
occurs. Furthermore, jobs without a sufficient work content are unattractive for qualified 
personnel, and are likely to lead to motivation problems. 
Although CNC-machines are less restricted in dealing with a large product range, it has 
to be noted, that this option is not always used. Other technical features than this 
particular feature, such as the speed of operation and exact reproducibility of workpieces, 
may just as well have been the prime reason to purchase a CNC-machine. The recurrent 
observation of a low programming frequency (Peters, 1986; COB\SER, 1988) provides 
the evidence. The actual use of this option has consequences for the output characteristics 
and thus the frequency with which tasks occur. 
The labor market for technicians with vocational training, whether LTS or MTS, is tight, 
a situation which is likely to continu in the near future (FME, 1992). The impact of this 
scarcity is probably higher for CNC-machines than for industrial robots and composite 
systems. The latter are used less and a substantial proportion of the robots are used for 
applications which do not require a technical education such as handling and assembly 
(see section 3.2). Furthermore, FMS-jobs may have a higher status than CNC-jobs, 
although a fair comparison fully depends on the job contents of both operators (see 
above). Yet, operators of composite systems need machine system knowledge to deal with 
unforeseen circumstances. The necessary mental skills will probably be associated with a 
good work attitude, i.e. a disciplined way of working, and high requirements on the 
education level, i.e. MTS or well qualified LTS. Whether or not such a policy leads to 
factual underutilization can not be concluded from the empirical data. 
For stand-alone machines, much depends on: 
a the assignment of programming, and to a smaller extent of optimizing, to oper-
ators. For the case of CNC-machines, this is reflected both in qualification and in 
education levels (see Table 4.9). 
b the division of indirect tasks. 
The persistence of the policy to recruit MTS-ers for integrated functions, or as specialized 
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programmers, will form ал obstacle for the diffusion of integrated functions. 
In conclusion, the dominant coalition has many options to interfere in the process of work 
and organizational design. Different design principles may be used in connection with 
decisions concerning product markets, standardization of components, purchasing and 
using technical systems, and labor market policies. The complex interconnections between 
these aspects make it highly unlikely that they are all taken into account simultaneously. 
Furthermore, it must be realized that changes with respect to one aspect have conse­
quences for all other aspects. Such decisions are likely to be partial, a fact which is 
'discovered' only after the decision has been taken. 
Although the degrees of freedom in work design may suggest a move towards integrative 
designs, they can just as well be filled in by choosing a fractionized design. Options are 
by definition optional. The use of these options is critical. The assertion, that NC made 
division of labor possible (Noble, 1978) is just as useful as the assertion, that flexible 
automation offers possibilities to improve work content (COBV5ER, 1984). Literally, both 
statements point to options, but at the same time they suggest what the direction of the 
development will be. Dankbaar makes a similar observation with respect to integrative 
designs (1988). 
The application of integrative and fractionized design methods may at the workspot level 
be influenced by technical considerations, for instance the creation of possibilities to 
increase the division of labor and programming methods, but this influence has to be seen 
in the first place as the setting of the conditions within which design principles are 
applied. Within this decision space, the same factors may even have contradictory 
influences (see Figure 4.1). 
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CHAPTER FIVE 
THE DIVISION OF LABOR AROUND 
ARC WELDING ROBOTS 
As concluded in section 4.2, at the beginning of the empirical phase little empirical 
research on the division of labor around industrial robots was known, compared to other 
forms of discrete manufacturing automation in the Netherlands. The most common 
application of industrial robots in the Netherlands, and in many other countries as well 
(Karlsson, 1991), is arc welding. Arc welding robots are practically without exceptions 
stand-alone machines. Furthermore, the scarcity of skilled welders, who are necessary to 
program arc welding robots, provides an opportunity to assess the role of this factor. For 
these reasons, it was decided to focus on arc welding robots in the empirical part of this 
study. The body is formed by ten case-studies on the division of labor around arc welding 
robots. 
The cases are briefly described in section 5.2, although some additional facts are given 
later because of the readability. Before proceeding to these descriptions, methodological 
considerations are given in section 5.1. The analysis is the subject of section 5.3. The 
central research question as posed in chapter 1 is answered here. The closing section 5.4 
contains the conclusions and discussion. 
5.1 Methodology 
This section aims to give an overview of methodological aspects concerning the empirical 
phase of this research project. It should provide the reader with an adequate idea 
concerning the execution of the project and its limitations. Furthermore, some practical 
hints for conducting research may be derived from it. 
The main part of the empirical study is formed by the cases, although a limited number of 
interviews were conducted. These concerned persons with some kind of expertise in the 
field of robotics. Before proceeding to a discussion of methodological aspects of case 
studies, brief attention is paid to the interviews. 
As concluded in chapter four, at the time of the beginning of the empirical phase of this 
research project the field of robotics was a relatively unexplored area. Therefor, a limited 
number of unstructured and open interviews were conducted with persons with expertise 
on particular aspects of robotics. The existence of publications or several citations, both 
in journals in the field of mechanical engineering, was used as an indication for the 
expertise of the interviewees. They were working in either the academic or practitioners' 
world. The content of the questions was mainly dependent on the field of expertise of the 
interviewee. No explicit research strategy was used in conducting these interviews. 
Rather, interviews were held during the entire research project if felt necessary and 
appropriate at the time. To ensure the reliability of this phase, a draft report was sent to 
the interviewee in order to check its correctness, and adapted if necessary. 
The interviews had three goals: 
1 To get up-to-date information concerning the state-of-the-art in the field of (arc 
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welding) robotics in the Netherlands. This information was used for various purposes, for 
instance to find suitable organizations to conduct case-studies and to validate certain 
findings (see section 5.3). Furthermore, it had a certain influence in the process of model 
building, but the exact effect here is hard to track down precisely. 
2 To try to gain insight into the matter what cases and particular aspects in these cases 
could be expected to be common respectively exceptional. 
Probably the most classical objection against the use of case studies is their limited 
statistical generalizability. Thus, interviews with experts were used to get a better founded 
idea what practices are common respectively exceptional. An example was the opinion 
expressed by all interviewees, that teach-in programming is by far the most dominant 
programming method for arc welding robots. 
3 To fill some gaps in the available material concerning particular topics, for instance the 
information concerning the use of robotics within Philips (section 3.2) and information on 
the use of off-line programming in the Netherlands. 
An advantage of case-studies above quantitative research is, that the researcher gains 
more insight into the sometimes intricate pattern of occurring relationships than would 
have been possible with quantitative research (see section 4.1 for an example). Yet, 
qualitative research, among which case-studies are included, seem to be undervalued 
compared to quantitative research, perhaps more in the United States than in Europe. Yin 
states that 'Too many people are drawn to the case study because they believe it is an 
"easy" method. [...] No perception could be farther from the truth' (1989, 61-62). In his 
view the absence of standard data collection procedures makes it necessary for every 
researcher to pay explicit attention to methodological aspects. In the following some 
methodological aspects are addressed as far as is relevant to case studies as conducted in 
this study. 
Formulating a theoretical model One of the first and most important steps in 
conducting any type of research, whether using case studies or any other research 
strategy, is to explicitly define the problem to be researched, preferably in the form of a 
theoretical model and research questions. Chapters 1 and 2 report on the problem 
definition and the final theoretical model. Concerning the process of the formulation of 
this model, it needs to be mentioned that several earlier drafts exist, based on literature 
and the interviews mentioned. These were presented on scientific conferences (Benders, 
1991b; Benders and de Haan, 1991 and 1992) and published as a discussion paper. This 
discussion paper was distributed to some sixty persons (among whom most interviewees) 
who could be expected to be able to give adequate feedback on the model discussed. 
Feedback and comments were processed in the revised drafts and ultimately in the model 
and hypotheses as formulated in section 2.S and 3.3. 
Validity and reliability For any type of empirical research, four tests are relevant: 
1 Construct validity: establishing correct operational measures for the concepts being 
studied. 
2 Internal validity (in case of causal and explanatory studies): establishing causal 
relationships, whereby certain conditions are shown to lead to certian outcomes, as 
distinguished from spurious relationships. 
3 External validity: establishing the domain to which a study's findings can be general-
ized. 
4 Reliability: demonstrating that the operations of a study - such as data collection 
procedures - can be repeated with the same results. 
Yin (1989, 41) discusses case-study tactics to deal with these tests. Many of these tactics 
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were used if felt appropriate, as described further on. Before proceeding, however, the 
issue of the external validity of cases needs a more elaborate discussion, as it is easily 
confused with the external validity of quantitative studies. Yin warns about two different 
meanings of external validity, namely statistical generalizability and analytical generaliz-
ability. Statistical generalizability means that a specific sample is representative for a 
larger population. Statistical generalizability can not be achieved by case studies. No set 
of cases is likely to deal satisfactorily with statistical generalizability. 'In analytical 
generalization, the investigator is striving to generalize a particular set of results to some 
broader theory' (Yin, 1989, 44). Case studies can confirm or falsify theories, which 
points to the dominant role of theory c.q. model building in case study research. Yin 
recommends the use of replication logic, which is only possible in multiple-case design. 
This replication logic was warranted by using the same checklist for all case studies, 
which leads to uniformity of data collection (Kommers and Maas, 1987, 14). 
In the underlying research, construct validity is of relevance at two separate levels of 
analysis, namely the measurement of items within cases and the overall case report. Most 
items are fairly easy to measure; for instance the length of the weekly operating period 
can be measured by the number of operating hours per week. In order to achieve 
construct validity for the overall case report, draft reports were reviewed by key 
informants in the organization studied, as recommended by Yin. Furthermore, if possible 
multiple sources of evidence were used, most notably documents, interviews with several 
persons and on-site observation. 
Internal validity is important in establishing causal and explanatory relationships, whereby 
possible spurious correlations are controlled. Strictly taken, the underlying study is not 
causal, because multi-moment observations are necessary to establish causality. Instead, 
the broader 'explanatory' seems to be a better description, but the problem of one-
moment shots remains. Thus, in a methodological sense the level of certainty about the 
established relationships does not exceed that of firm plausibility. The 'firmness' is based 
on: 
- the preceding review of theoretical (chapter two) and empirical literature (chapter four). 
- two German studies (Urban and Hölldampf, 1988; Lauenstein, Seitz and Volkholz, 
1989), which were found after the case material had been gathered, confirming major 
parts of the analyses. 
- the logic consistency of the relationships. 
A problem in finding a general pattern of relationships in the cases is the lack of a 
standardized mode of analysis. The theoretical propositions, partly in the form of hypoth-
eses, provided a framework to look for specific relationships. A pattern-matching logic 
was used, interpreting the cases in the light of the propositions. 
External validity To achieve analytical generalizability, cases have to be selected for 
theoretical reasons. Specific details with respect to cases are given in section 5.2 after the 
cases have been introduced. The basis for the case selection was a report, published by 
the consultancy agency ANERTEK (1989), containing the addresses of most Dutch firms 
and institutions using robots as of December 31, 1988. Section 3.2 contains the limit-
ations of this report's data. As this report is the most complete known to be available and 
statistical generalizability can not be achieved by case-studies anyway, these limitations do 
not seem to constitute a problem. Two cases (Meubel and Component) are not included in 
the ANERTEK report, but were found thanks to informants. As some aspects proved to 
be insufficiently covered by the random selection process, a more selective and theoretical 
approach was adopted later by looking for specific characteristics (Kommers and Maas, 
1987; Eisenhardt, 1989). By including cases that satisfy certain selection criteria, the 
influence of such factors can be investigated, which is important to test the hypotheses. 
Ill 
The cases selected because of such theoretically interesting features are Country and 
Akker (integrative design), Meubel (size), Plough (number of robots), and Component 
(programming method). Yet, as other relevant criteria may or may not vary simultaneous-
ly with the selection criterion, the evidence has an indicative rather than a definite nature, 
in other words: this selection process does not fully comply with the strict criteria for 
quasi-experimental designs (Campbell and Stanley, 1963). 
Six organizations refused their cooperation to the study. Reasons that were given were 
(the number of firms mentioning the reason is given between parentheses): 
- the robot was no longer being used due to technical deficiencies (one). 
- malfunctioning of the robot (one). 
- off-line programming (which would have been the reason to include this particular 
firm) is not yet operational (one). 
- the representative c.q. the organization was too busy (two), respectively 'handling the 
matter seriously would take more time than is available' (one). 
Some plausibility that the selected cases are not exceptional may be the best that can be 
achieved, which was one of the goals in conducting interviews. 
A checklist was formulated in order to guarantee the uniformity in the data collection 
procedures and therewith the reliability. The case reports were stored in a data base. The 
most relevant data are described in the following section. The case descriptions in section 
5.2 are included to allow others to validate the results, or alternatively, to interpret the 
material to draw their own conclusions. Where possible, these descriptions contain 
literary translations of the original statements as made by the respondents, recorded in 
case-study reports, and later verified by the respondents themselves. The use of literary 
statements fits with the idea of design orientations, in which perceptions of dominant 
individuals form arguments to make decisions, f.i. about the division of labor. 
Data collection After the first contact had been made with a knowledgeable 
representative of the organization to be researched, a copy of the checklist was mailed to 
this representative. This procedure allowed the representative to get a better idea of what 
the research was about and what efforts were required from the organization. When the 
organization agreed to cooperate, the checklist was filled in as far as possible from 
written documentation in order to collect the data as efficient as possible. An additional 
advantage of using written documentation is that it is often a precise source for (technical) 
details, which interviewees are not likely to recollect at first hand. Although the docu-
mentation was not always up-to-date (organigrams are notorious in this respect), the 
reviewing of the draft report by the key informant warrants the reliability of the data. 
Most of the other data were collected during on site visits by means of interviews with 
informants, such as chefs of department, personnel managers, robot programmers and 
operators. In most organizations the actual robot workspot was visited as well. 
Some cases have also been covered by other research projects, namely Plough and Akker 
(Peters, 1986) and Falcon (Mossink and Peeters, 1992), although Peters only dealt with 
CNC-machines. 
Research team Some cases were executed by graduate students, who wrote their 
master's theses on this basis. These cases are Yellow (Leermakers, 1991) and Iron, 
Falcon and Dies (van der Vegt, 1992). As there are no standardized ways of conducting 
case studies, all researchers have to be fully aware of the goal and limitations of the 
project. Furthermore, they need an adequate background knowledge. Thus, both students 
were involved in respectively the formulation of a theoretical model, and in the critical 
assessment of a preliminary draft of the model formulated. 
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5.2 Case descriptions 
In this section, brief descriptions of the individual cases are given to allow readers to 
make their own analyses and make this study's interpretation controllable. After these 
case descriptions, a cross-case analysis is made in section 5.3. The organizations are first 
introduced in a general way, and briefly discussed. After that, more detailed data 
concerning the division of labor are presented. 
Yellow Yellow's three divisions produce various metal products. The organization 
employs about 630 persons. Its world-wide sales were approximately Dfl. 180 million in 
1991 with a 10 percent profit margin. The firm has a strong market position: it is market 
leader in the Netherlands, and belongs to the top five European manufacturers. Its 
strategy is customer and quality oriented. 
The visited plant produces canalization systems, and employs 150 persons. It has two 
manufacturing departments, namely 'standard components' and 'technical systems'. The 
canalization systems are composed from standard components. Three robots are used at 
'standard components', namely one spot welding robot and two arc welding robots. 
Country Country produces systems for the internal transport of discrete products. These 
are ordered by, and designed in cooperation with, specific customers, for which project 
teams are formed. Country produces and installs these tailor-made transport systems. The 
organization has 400 employees. Its 1990 sales were Dfl. 160 million with a profit margin 
of about 6 percent. The Dutch market accounted for 15 percent of total sales; 73 percent 
was sold in other EC countries, while the remaining 12 percent was exported outside the 
EC. 
Its only plant is located at the headquarters, at which site 320 people work: 128 in 
manufacturing and 192 in non-manufacturing departments. The manufacturing department 
has four manufacturing units (construction, sheet metal working, turning, and assembly) 
which are all located in one large hall. Country uses one arc welding robot. 
Aerie Aerie produces agricultural machines, pumps and cleaning equipment, mainly 
for professional users. Its 90 employees generated total sales of Dfl. 16 million with a 5 
percent profit margin in 1990. It is the Dutch market leader, and exports mainly within 
the EC. The image is that of a high quality and innovative firm. Aerie's products are 
modular: by combining different components, 16,000 variants of its main product are 
possible. These machines are often built according to customer specifications: specific 
wishes, which can not be fulfilled within the existing range of components, are investi-
gated with respect to their technical and economic feasibility. 
Its only plant is located in the same building as the headquarters. There are three 
manufacturing units in the functionally organized plant. The arc welding robot is placed 
in the construction unit. 
Plough Plough is a part of the division 'agricultural machinery' of a large German 
enterprise. Its 500 plus employees generated total sales of Dfl. 160 million in 1990, but 
losses were made because of the EC agricultural policy, which leads farmers to postpone 
their investments. Therefore, Plough decided to temporarily abandon its second shift. The 
machines are standard products, but Plough holds some important patents for internally 
developed product innovations. 
Two manufacturing plants are located close to the headquarters. The visited plant has 180 
employees, most of whom work in the two main manufacturing units, preparatory 
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processes and assembly. Three arc welding robots are placed in the sub-unit welding. 
Meubel The main products of Meubel are wooden and metal chairs and tables. These 
are sold to intermediate traders and institutions, for instance in health care. Meubel also 
acts as a subcontractor for large manufacturers of furniture, who can not produce smaller 
quantities of non-standard products. Its market share is small, and its profitable sales were 
Dfl. 5,5 million in 1990. The firm employs 17 persons (including both directors), eleven 
in the manufacturing department and six in other 'departments'. One arc welding robot is 
used in manufacturing. 
Akker This organization became independent from Plough after a management buy-out 
in 1988. As a part of this deal, it was agreed to slowly decrease the level of Fixed orders 
from its former mother plant, necessitating Akker to develop new markets. At the time of 
the visit (November 1991), the economic situation was bad, and Akker accepted most 
orders it could get. The firm acts as a jobber as well as a sub-contractor for various 
customers. Its market share is small. The 1991 sales were about Dfl. 12 million, leaving 
a small profit. The two-shift system was temporarily abandoned, and only 60 out of the 
regular 90 employees remained. Of the remaining 60 employees, 48 work in manufactur-
ing. The welding unit uses two arc welding robots. 
Petra Petra is part of a so-called 'social workplace', a government-sponsored, non-
profit institute to employ and revalidate 'those who are not able to take part in the 
ordinary labor process'. Similar organizations exist in all regions of the Netherlands, and 
were founded to execute the 'Bill of Social Work Provision'. The organization makes a 
broad range of generally fairly simple products, some on order, others at own risk. Its 
sales of Dfl. 2,8 million were generated by approximately 180 cooperators. Most 
cooperatore conduct manual assembly operations. The manufacturing unit 'metal', in 
which two identical arc welding robots (called Peter and Petra) are placed, has 25 
employees. 
Iron and Falcon Iron and Falcon are two manufacturing plants of a Dutch enterprise, 
which has six manufacturing sites in Europe. It produces a broad range of quality 
household appliances, which are exported to other European countries. Its current 
strategic policy aims to increase its market share in other European markets by offering 
well-designed and modem products. The organization has over 1,000 employees, and 
total sales in 1991 of Dfl. 168 million with a profit margin of three percent. 
The 143 employees of site 'Iron' manufacture four different household products, and 
perform a range of administrative and sales services. One arc welding robot is used in the 
tube department. 
Falcon's 253 employees produce a broad range of small products. The plant was 
destroyed by fire in 1989. Following this disaster, two arc welding robots were purchased 
in 1990. At the time of the visit in 1991, the plant was again fully operational. 
Component Component forms a part of a large Dutch machine-building enterprise. This 
organization produces various kinds of machinery, and exports world-wide. The specific 
division of which Component is part, has a fifty percent share of the world market. Its 
high price is compensated by the reliability and innovativeness of its products and its 
good service. 
Component makes various parts of manufacturing plants, which are sold as a whole by 
the mother company. It receives its orders on-line from the mother plant located at the 
divisional headquarters. The 55 employees with fixed contracts are normally assisted by 
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approximately 15 persons with agency contracts. Together they generate total sales of 
Dfl. 15 million. Component has one arc welding robot, which is programmed by means 
of a hybrid off-line programming system. 
Table 5.1 summarizes basic case characteristics as described above. 
Table 5.1 : Basic case characteristics 
Case 
YeUow 
Country 
Aerie 
Plough 
Meubel 
Akker 
Petra 
Iron 
Falcon 
Component 
Plant size 
150 
320 
90 
180 
17 
90 
180 
143 
253 
70 
Branch (SBI) 
34.8 
35.4 
35.1 
35.1 
34.5 
34.8 
39.5 
34.8 
34.8 
35.3 
(C robots 
2 
1 
1 
3 
1 
2 
2 
1 
2 
1 
Year 
1986; '88 
1987 
1983 
1979; '86; '90 
1990 
1981; '89 
1988; '90 
1989 
1990 (2x) 
1987 
According to the CBS (1991, 46), 18,0 percent of all Dutch robots were used in organiz-
ations with less than 20 employees, while organizations employing more than 99 persons 
used 55,9 percent. The remaining 26,1 percent was employed by organizations in the 
intermediate size category. All these categories are represented in the underlying case-
studies, although the smallest size category contains only one organization. 
Nine organizations are in the metal products (SBI-codes 34) or machine-building (SBI-
codes 35), which can be explained by the particular field of application, namely arc 
welding. The remaining organization Petra (SBI-code 39.5) is a non-profit institute for 
social work, also producing metal products. 
All organizations with the possible exception of Meubel had resolved the initial (technical) 
problems, and robot operation had become a routine, standard activity. 
Except for one case, all organizations are located in the South of the Netherlands (eight in 
the province of Brabant; one in Limburg). This region is a traditional stronghold of 
metallurgie industries, which partly explains its innovativeness as shown in the diffusion 
data of section 3.2. This geographical delineation reduces the influence of a possibly 
disturbing factor, namely different business conditions in separate regions. Personnel 
shortages are less problematic in the South than in the rest of the country: 77 percent of 
FME-members in the Rhine delta report recruiting difficulties, 50 percent face similar 
problems in the South. The national average was 56 percent (FME, 1990c, 44). Yet, 
labor market conditions are not homogeneous within the region. 
Country and Akker were known to have adopted integrative organization design prin-
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ciples. Country had already been visited in February 1990 on another occasion, and 
Akker is included in Peters (1986), when Akker had plans to reorganize. Petra was 
included because of its specific situation with respect to the capabilities of its employees, 
and its elaborate and conscious project approach used to make the investment decision and 
subsequent implementation of the robots. Petra's spokesmen presented their approach at a 
conference. 
One visit was paid to an organization, called Dies here, with 66 employees producing 
metal products, which sold its robot after two years of production for three reasons. In 
the first place, the robot was not really suited for the thin metal parts (diameter of 0,5 to 
3 mm), which had to be welded. Secondly, the average batch size of the firm's products 
were too small to use a robot. In the third place, the robot had been acquired to produce 
large batches of some components, which had been ordered by two customers. When 
these orders were cancelled, the robot was sold in 1989. 
The robot had been used to produce three products in batches ranging from 100 to 1500. 
New products were not introduced, as described above, and the robot was not felt to be 
suited for welding the thin parts. Probably, the fact that (he robot had been out of 
production because of technical malfunctioning for the larger part of the two years, has 
also played a role in the decision to sell it. 
The division of labor 
Yellow uses three robots, one for spot welding, the other two for arc welding. Both are 
operated for 45 hours per week. The manufacturing department has a functional organiz-
ation, grouping machines of the same type in 'clusters', which are each headed by a 
'cluster leader'. The spot welding robot is placed in an other cluster than the arc welding 
robots, which are placed in a 'general cluster', that contains machines for various 
operations. Arc welding was a new joining operation for Yellow, for which the robots 
were bought; the spot welding robot replaced manual welders. The robots were pro-
grammed by a HTS-educated employee of 'work preparation', but after that his program-
ming capacity is only addressed when more complex optimizations have to be carried out. 
Occasionally agency temporaries are hired to (un-)load the robots in case of large batches, 
but they are monitored by a regular robot operator. The work of robot operators includes 
(un-)loading, optimizing, setting-up, quality control and minor repairs and maintenance. 
They need to have welding knowledge. Both the cluster leader and the programmer often 
assist with more complex optimizations. This activity occurs quite frequently with 2 to 10 
product changes daily. Batch sizes vary from 50 to 4000 pieces. Both robots make 
variants of one simple product, with respectively 23 and 49 variants. 
Decisions concerning the division of labor were only made after the robot had been 
purchased. Yellow's current policy is that machine operators have to learn to operate all 
machines within their cluster. 'First-class machine operators' are required to operate at 
least one extra machine, which lakes about one year and makes it easy to replace 
employees in case of absenteeism. 'Operation' here includes setting and optimizing 
programs. The cluster leader is able to operate all machines in his cluster, which is to 
become the norm for all operators. The robot operator's skills are valued higher than 
those of the operators of conventional machines; the conventional machines are prepared 
for production by specialized setters, whereas the robot operators do the setting them-
selves. Yellow's CNC-operators, however, need more operational knowledge and have to 
change tools, which requires more skills than the work of the robot operators. 
Most machine operators have completed an LTS-education. This was felt to be too low to 
create integrated functions, whereby the operator has to program. MTS-educated 
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operators were not available, but the same choices would have been made if they had 
been available, because MTS-ers would not have had sufficient career perspectives even 
with integrated functions. 
Country bought its robot in 1987 to replace part of the manual welding. It is placed in 
'construction', and operated in two shifts, i.e. 78 hours per week. The robot operators 
have integrated functions. They set the machine, and control product quality. The 
maximum batch size is 400, and about 45 products are produced. Programming occurs 
every week. 
If the product is not welded properly by the robot, this is corrected manually by the robot 
operators. There were two reasons to choose for integrated functions: 
1 Coordination losses which occur with the other options are prevented. 
2 The work is kept attractive for LTS-ers, which are hard to recruit. 
Country also has integrated functions around its CNC-machines, with the exception of 
some older machines which are controlled by means of punch tapes. These punch tapes 
are made by work preparation, but this practice will end as soon as these machines are 
replaced by more modem equivalents. 
Originally, the robot operators were either construction mechanics or welders. These are 
LTS-educated employees with welding knowledge. Country's construction mechanics get 
work drawings from work preparation. These drawings do not contain specifications of 
welding parameters: the mechanics have to decide on their own how to construct the 
product. Given the large product range and variability, their work can be classified as 
craft work. The same holds for the robot operators, who have to make their own 
decisions regarding the welding programs. 
Initially, two 'better' mechanics were selected to take care of the start-up phase of robotic 
welding, which was then a new application for Country. When the process became 
routine, they were replaced by two other mechanics, whose construction capabilities were 
felt to be below average. 
Aerie's robot is also placed in its functionally organized 'construction' department, where 
nine manual welders work. The robot is operated during day-shifts only. Its capacity 
equals two to two and a half manual welders. Initially, the robot was acquired to weld 
large batches of light frames, i.e. fairly simple products, for which Saudi Arabia was an 
important market. When this large export order was cancelled, Aerie was faced with the 
problem how to keep the robot productive. It had not been foreseen, (hat the robot might 
have to be used for other products. This drawback led to a significant fall in the robot's 
productivity, which was ultimately resolved. Currently, fairly large and complex products 
with a total welding time of up to one hour, in small batches (between 25 and 100) are 
processed by the robot. Sizeable products and small batches are welded manually. The 
changed output characteristics necessitated additional investments in manipulators, 
welding tables, and fixtures. The latter are made internally by the programmer and three 
other employees. 
Aerie employs two robot operators and one programmer. By alternation, the operators 
work at the robot or weld manually. They perform all robot-related tasks with the 
exception of programming. Many welded products need finishing, which is done by the 
robot operator or manual welders. The total workload, generated by finishing, is too high 
for the robot operator. Setting, quality control, material supply, and cleaning also belong 
to the function of the operators. The programmer occupies a special position, although he 
does not form a separate hierarchical level. In general, he performs more difficult 
activities such as maintenance and making fixtures, which can take up to two weeks. The 
division of labor between programmer and operators is not a sharp one, and becomes 
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increasingly blurred. The operators are already entitled to make minor adjustments in 
programs, and on a longer term one strives to teach the operators how to program, but 
the loss of production time forms an obstacle. A situation with more programmers would 
be preferable, because the dependency on only one person would be reduced. 
The main reason for the current situation with divided responsibilities is the labor market 
situation. Welders are hard to recruit, which is even stronger true for programmers. The 
latter need to possess welding knowledge, but they also have to be able to think in an 
abstract way. Given the tight labor market, such programmers are in the position to pose 
high demands on their work content: 'A competent programmer will resign if he has to 
load [a robot]'. The momentary programmer is known to have had a job offer, which he 
turned down because he would have to (un-)load the robot in that job. At Aerie, the work 
around the robot is not considered to be attractive for everybody, and that operators may 
also resign if they are not content with their work. Currently, the one more capable 
operator experiences the work as challenging, which has much to do with the fact that the 
work is not yet planned perfectly. Many adjustments have to be made, for instance due to 
variations in the parts to be welded. 
Plough was among the first robot users in the Netherlands. In 1979, its first arc welding 
robot was installed, which was part of this suppliers' first shipment of robots to the 
Netherlands. Later two arc welding robots were bought from another brand. The latter 
are more user-friendly, because they are specialized arc welding robots whereas the first 
robot is a general-purpose robot applied for arc welding. This user-friendliness was, next 
to the larger working domain, an important reason to opt for the other brand. All three 
robots are placed in the welding unit, where automated and manual welding take place as 
well. All capital-intensive equipment, including the robots, is operated in two shifts, 
which consist of three persons, namely two operators and one operator-programmer. 
The operators have split functions, and keep production records. All optimizations and 
programming on the three robots is conducted by the operator-programmer (called 
'programmer' from now on), who also performs the operating tasks. The operators are 
unskilled employees. The programmers are skilled LTS-educated welders, who were 
selected from the (internal pool of) manual welders because they were perceived to be 
better skilled and were interested in operating the robot. This was more or less a 
promotion, because they were given responsibility for all robotized welding processes. 
The high repeat frequency, and thus repeated optimizations, are an important element to 
keep these jobs attractive for the programmers. Furthermore, about once every month a 
new product is added to the existing range of 45. Batches vary from 50 to 1000 pieces. 
Plough would prefer to have operators with integrated functions, i.e. who are able to deal 
with all tasks around the robot, but this option is currently not feasible because of a lack 
of skilled welders. Unskilled employees are less hard to recruit than skilled welders. This 
problem is worsened by the fact that the robots are worked in two shifts (during regular 
conditions). Welders are not always prepared to work two shifts. 
The small firm Meubel bought its arc welding robot in December, 1990. It was placed in 
the manufacturing hall, where eleven persons are employed in three different areas: metal 
working, furnishing, and assembly. The production workers may be deployed in any of 
these areas, depending on the workload. 
Batches vary from 100 to 300 pieces. Currently, the welding of some 20 different 
products is robotized, to which product range a new product is added about once every 
two months. Meubel has split functions. The operating tasks are conducted by the 
production worker who happens to be available. One of the firm's managers occasionally 
works with the robot himself. A punch machine has to be operated simultaneously. There 
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is a certain variety (varying products on different machines) in the operators' work. This 
is possible because this work is unskilled, and can be performed by any 'normally 
talented' person. Programming and optimizing are done by an LTS-educated programmer-
foreman, who is also responsible for work distribution and setting. Furthermore, he 
makes the welding fixtures, and conducts occasional repairs and maintenance. Yet, he is 
not considered to form a separate hierarchical layer. He was chosen for this work because 
of his welding capacities and the fact, that he had shown to be ambitious and willing to 
bear responsibility. He would probably leave if he had to operate the robot. Meubel is 
dependent on its only experienced programmer. He could probably be replaced on a short 
term, were he to leave the organization for some reason or another. Meubel's other 
welder has taken the robot course together with the current programmer and the manager, 
but only the programmer has sufficient working experience. This programmer would 
probably leave the organization if he had to operate the robot. 
Akker has two arc welding robots of different brands in use, that weld respectively light 
and heavy products. Akker's first robot was bought in 1981 for one product, which was 
too complicated to be welded by an automatic welding machine. Later, other products had 
to be introduced to keep the robot productive. Currently, the product range of both robots 
is 25 products, with batches of 100 to 500 pieces. New products are frequently intro-
duced, i.e. once every two or three weeks. During ordinary business conditions these are 
operated in two shifts. Due to a lack of orders there was only one shiñ at the moment of 
the investigation. 
In November 1985 Akker started to reorganize. The functional lay-out was replaced by a 
group lay-out. In 1991, however, the largest sub-department of 22 persons was still 
divided into three groups, but both robots were placed in a (functional) welding sub-unit. 
Akker employs four operator-programmers, who all have integrated functions. However, 
they are specialized on either one of the robots. They also conduct a broad range of tasks, 
which are not robot-related, such as setting, quality control, material transport, keeping 
production records, and all maintenance. The programs are written based on work 
drawings, provided by work preparation. There were two reasons for this option: 
1 A division of labor with separate programmers and (non programming) operators would 
lead to constant quarrels between both, because the latter would have to fix the faults 
made by the former. 
2 The robot operators have to be able to solve problems, which occur during the night 
shifts, on their own. This calls for employees, who can control all facets of the 
process. 
Work distribution is part of the group leader's job. The fixtures are made internally by 
the specialized tool unit, where nine persons work. 
The robot operators were selected from the internal pool of employees. They have an 
LTS-education, supplemented by on-the-job experience and welding diploma's. Selection 
criteria were affinity with electronics, welding competence, and the fact, that they dared 
to operate this new equipment. 
Recruiting welders is not much of a problem in the rural area where Akker is located. 
When necessary, they could be hired from employment agencies in close-by cities. The 
fact that Akker used to employ more welders when it had more orders in its portfolio, 
may also have played a role. The recruitment of shift workers, however, was more 
problematic. 
Petra bought its first robot in 1988, which was followed by an almost identical machine 
in the beginning of 1990. The machines have different welding guns, because the brand 
used on the first robot was not available any more in 1990. The fixtures and the programs 
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are not interchangeable for this reason. Both are used to weld the same product, which 
happens in two steps. Each step takes about three minutes. This product proved to be a 
market success, leading to a quickly rising and high demand. Nevertheless, both machines 
are still operated in one shift as Petra has very restricted possibilities to recruit personnel. 
Being a social workplace, potential employees have to be chosen from a waiting list. This 
list consist of persons, who underwent a medical examination to assess their capability to 
work. Because welders are hard to recruit anyway, and Petra's first goal is to re-validate 
its employees in order to return to regular firms, its necessary welding capacity had to be 
secured, in this case by purchasing robots. 
Four robot operators conduct all routine robot-related tasks by alternation, and take care 
of material supply and of the transport of welded products. The 'work leader', head of 
the manufacturing unit, takes care of organizational tasks, i.e. work distribution, keeping 
records, as well as quality control. The operators are unskilled. Skilled welders would not 
accept this repetitive work (mainly loading and unloading). Yet, for the unskilled 
operators Petra's revalidation goal can be achieved by gradually increasing the operators' 
work content. Job rotation, learning to diagnose and restore disturbances, changing the 
welding wire, cleaning and preventive maintenance are possible measures. Their functions 
are perceived as upgrading by these operators. 
The organization's chief mechanic wrote and optimized the programs for both robots, 
which was a unique event: only one product is welded, which is identical for both robots. 
The chief mechanic also made the fixtures, which activity could be closely coordinated 
with programming by having them done by the same person. He is responsible for setting 
and maintenance. The robot-related work is only a small proportion of the jobs of the 
work leader and the chief mechanic. 
At Iron, the robot is used in the tube department, which has 16 employees. The organiz-
ation is functional. The robot is used to weld three light products, namely two kinds of 
frames and a protection rod, in batches of 2500 to 4000 pieces. Both frames are the main 
products, and are used to produce thirteen different versions of an end product. The robot 
is operated in one shift because the demand for frames is not yet high enough; its 
utilization rate increased from 50 percent in 1989 to about 75 percent in 1991. 
The robot operator conducts all operating tasks and optimization as well as quality 
checking and some maintenance. He used to be a C02-welder. He is the only person with 
sufficient working knowledge of the robot. When the robot is not in operation, he is given 
other work or in extreme cases a day off. Programming hardly ever occurs. The robot 
was pre-programmed by its supplier, and if additional programs are needed in the future, 
the supplier will be called. 'Programming is contracted out'. 
Iron's sister Falcon uses two arc welding robots, which replaced two automatic welding 
machines. Both robots are used as specialized machines: one produces two frames in 
batches of about 4000 pieces, the other welds one frame (average batch size 2000) and, 
occasionally, another component (about 3000 annually). The three frames are used in 79 
versions of the end product. Both machines are practically constantly used, and the 
utilization rate is over 90 percent. The organizational unit where the robots are placed has 
two shifts, although occasionally a third shift is necessary to handle peaks in the work-
load. Every shift consists of fifteen persons, of whom two robot operators. The operators 
conduct all robot-related tasks except for programming. This activity has not been 
necessary in the last couple of years, because the product range has not undergone any 
changes. The initial programs were provided by the robot supplier. 
The robot operators are either unskilled or have an LTS-education. All have welding 
knowledge. 
120 
Until 1988, Component was functionally organized. This structure has been changed to a 
group structure. The restructuring started with the newly formed group or 'cell' in which 
the robot is placed. The group has one arc welding robot, one computer-controlled 
bending machine and a conventional press, which are necessary to produce the 30 
different hooks (batches vary from 600 to 900 pieces). Once every four months new 
products are introduced, generally other hooks. Component tries to to have other products 
welded by the robot as well. 
The design of these hooks varies substantially. Yet, this variety was reduced before the 
cell was implemented because the bending machine could not handle certain hooks. 
The idea to reorganize came from a student from the Eindhoven University of Technol-
ogy, who held an internship at the time. The reorganization was felt to be necessary 
because of two reasons. In the first place, there were logistical reasons. The lead times 
were too long, and were brought back from three months to one week by reorganizing. 
This led to a reduction of inventories of fifty percent. In the second place, many 
craftsmen who worked with Component, started to find their work monotonous after a 
while, which had a negative influence on their motivation. In the new situation, the 
craftsmen are responsible for making complete components rather than only conducting a 
small number of specific operations. More tasks are nowadays part of their job content, 
and their wages were raised. New employees have to agree to take about five years of 
additional schooling and to work the existing two-shift system. The low absenteeism, 
between four or five percent, is viewed as an indication of the reorganization's success. 
The employees of Component enjoy a good reputation at the regional labor market, 
although labor turnover is not higher than anywhere else. One tries to keep turnover low 
by making work content attractive rather than by increasing wages. Employees who 
resign often get non-manufacturing jobs, for instance in work preparation. Asked about 
possible scarcities of welders, Component's spokesman answered: 'Nothing of the sort is 
known to us'. The inflow of students at the regional schooling institutes was felt to be 
adequate. 
There are six manufacturing groups, which are headed by a group leader. The group 
leader does not form a separate hierarchical layer, but is an experienced craftsman who 
conducts organizing tasks and assist when problems occur next to working in production 
as the other group members. The group size varies from 3 to 12 persons, and all groups 
work two shifts. 
The group within which the robot is placed and hence called 'robot cell' in the following, 
has two regular employees, the 'cell operators', and currently two employees hired from 
an employment agency. Each shift consists of one cell operator and one temporary 
employee, hired from an agency. The cell operators were selected after informing who 
was willing to work within the robot cell, which was at that time a new and experimental 
part of Component. Two inexperienced, but well motivated LTS-educated employees 
were selected and sent to a course, given by the robot supplier. Both operators have 
integrated functions, and perform all occurring tasks within the cell. These include quality 
control, setting machines, internal work distribution, simple preventive maintenance, and 
registering production data. All three machines are operated by the cell operators. The 
same integrative design principles are applied in the rest of the organization. Yet, there is 
also a division of labor within the robot cell. The agency temporaries only perform 
routine activities, i.e. loading and unloading the machines, monitoring the production 
process and quality control, and material supply. They also switch between machines as a 
result of a policy of task rotation. Yet, all preparatory and other non-routine tasks are 
conducted by the cell operators. 
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5.3 Cross-case analysis 
Having described the individual cases, it is possible to conduct a cross-case analysis with 
respect to work design. As in chapter 4, the categorization of Alders and Christis (1988a) 
is used to analyze the robot-related tasks. Thus, the following categories of operators' 
functions are distinguished: 
I Integrated function (I), including programming, optimizing and operating. 
Π Partially-integrated function (PI), including optimizing and operating. 
Ill Split function (S), including only operating. 
First, the division of labor is discussed as a separate item. After that, the influence of the 
output characteristics, the technical c.q. programming system, the labor market and some 
other factors as well as their interrelationships are discussed. 
Table 5.2 summarizes the case data concerning the division of labor. 
Table 5.2 : The division of labor around the arc welding robots 
Case 
Yellow 
Country 
Aerie 
Plough 
Meubel 
Akker 
Petra 
Iron 
Falcon 
Component 
Option 
PI, PI 
I 
PI 
S, S, I 
s 
I, I 
s, s 
PI 
PI, PI 
I 
# indirect tasks 
3 
2 
1 
1(2) 
2 
5 
1 
2 
2 
6 
Remarks 
Programming frequency is zero 
Only one programmer 
Programming frequency is zero 
Programming frequency is zero ¡ 
Programming frequency is zero 
Including work distribution 
As shown in Table 5.2, many different options were chosen with respect to the division 
of labor, which holds for both the direct and indirect tasks. 
Three organizations can be categorized as 'integrative', having opted for integrated 
functions. Although Plough has one integrated function in every shift operating its three 
robots, the organization can not be considered integrative, because the possibility to split 
jobs, offered by its number of robots, has been used to the fullest extent. The three pure 
integrative organizations named the following reasons for choosing this option: other 
options than the integrated option might lead to losses caused by coordination difficulties 
(Country and Akker), the operator has to work independently during night shifts and must 
thus be able to conduct all occurring tasks (Akker), the adoption of an organization-wide 
integrative approach to decrease lead times (Component), and attractiveness of the 
operator's function (Country) which has consequences for his motivation (Component). 
The organizations with split functions named the following arguments. The programmer 
would probably leave if he had to operate the robot (Meubel), 'qualified welders would 
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not accept the repetitive operating work' (Petra), and the shortage of qualified workers in 
combination with shift work (Plough). In this last case, the organization would have 
preferred to have integrated functions, but this was felt to be infeasible as qualified 
welders are hard to recruit, especially if they have to work shifts. Unskilled operators for 
the split functions are less hard to recruit than qualified welders. 
Confronting the reasons to choose integrated functions with those to opt for split 
functions, one sees that organizational concerns predominate where integrated functions 
were created, whereas arguments referring to the labor market are exclusively mentioned 
in case of split functions. The organizational concerns include the prevention of 
coordination difficulties, independently working operators, and the robot operator's work 
in the perspective of the overall organization (re-)design. Besides these pure organiz-
ational concerns, the consequences of work content for operator's motivation were 
mentioned. Where split functions occur, the privileged position of qualified welders is 
always mentioned as the predominant reason to have created split functions. 
With the exception of Aerie, the organizations in which partially-integrated functions 
occur have only very simple products, requiring occasional simple corrections (Yellow, 
Iron, Falcon). With Aerie, the tight labor market was mentioned as the main reason not 
to choose an integrated function: 'a competent programmer will resign if he has to load [a 
robot]', but on the other hand one tries to gradually teach its two operators to program. 
The division of indirect tasks is roughly correlated to the division of direct tasks. The 
average number of indirect tasks performed by operators rises from 1,2 with split 
functions, via 2,2 for partially-integrated functions to 4 with integrated functions. Most of 
these indirect tasks are routine activities, such as visually controlling product quality and 
supply of materials. Only at Component, the robot operator is involved in a regulating 
task, namely work distribution. But even in this most integrative organization, the borders 
of this design have been met: an agency temporary, who only conducts routine tasks, is 
hired when an increased work load has to be dealt with. Within Component's robot cell, a 
certain division of labor occurs when the workload increases. 
In total 17 robots are used in these 10 organizations. During normal business conditions, 
the 17 robots are operated in 27 shifts per week. In these shifts, these are manned by 17 
operators with partially-integrated or split functions and 12 programmer-operators, i.e. 
operators with integrated functions (Country has two operater-programmers per shift). 
Thus, the majority of robot operators in this particular sample can be considered to 
perform only operating tasks, i.e. unskilled work. The functions of a considerable 
minority, however, includes skilled tasks. 
Resuming it can be concluded, that the work content of most of the operators studied is 
small, and that they hardly ever have control over their own work. As far as the welding 
process is concerned, only operators with integrated functions and programmers have 
process control. Beyond the welding process, only Component's robot operator is allowed 
to arrange his own work distribution. As two out of the three organizations with inte-
grated functions were explicitly selected for having such functions, it seems unlikely that 
integrated functions are overrepresented in this sample. When one accepts this last 
statement, one has to conclude that most work and jobs around arc welding robots have to 
be classified as routine and unskilled. Only in organizations which explicitly stress the 
adoption of some kind of integrative design, the work of robot operators is broader. In all 
other organizations, which lack such organizational policy, the labor market situation is 
often used as an argument not to choose for integrated functions. 
The output characteristics throw more light on the circumstances which favor the creation 
of integrated functions. 
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Output characteristics 
Before proceeding to the discussion of the influence of the output characteristics, it must 
be noted that in section 4.1 mention was made of a low programming frequency (Peters, 
1986), which was repeated in section 4.2 for robots (Mossink and Peeters, 1992). As 
noted by these authors, integrated functions have little meaning if programming hardly 
ever occurs. Because of the on-line programming method, low programming frequencies 
can be expected to occur more with robots than with CNC-machines. Whereas quantitat-
ive research has not taken this aspect into account, it seems useful, especially in case of 
robots, to include it in this study. However, a modification of Alders and Christis' 
categorization by including a separate category for cases with a low programming 
frequency would lead to a contamination between one of the output characteristics, 
namely product variability which is reflected in the programming frequency, and the 
organizational options (cfr. Benders, 1990). Therefore, no separate category is created, 
but this prohibitive factor for the creation of integrated functions is mentioned explicitly. 
Table 5.3 contains data about the output characteristics. Where two or more robots are 
used and their output characteristics are not the same, both are included separately. 
Table 5.3 : Output characteristics 
Case 
Yellow 
Country 
Aerie 
Plough 
Meubel 
Akker 
Petra 
Iron 
Falcon 
Component 
Product range 
1(23) 
1 (49) 
45 
45 
45 
20 
25 
1 
3 
2 
1 
30 
Batch sizes 
50-4000 
50-2000 
1 -400 
2 5 - 100 
50- 1000 
100-300 
100-500 
(1 product) 
2500 - 4000 
3500 - 4500 
2000 
600-900 
Programming frequency | 
0 
once every week 
once every three months 
once every month 
once every two months 
once every two weeks 
once every three weeks ! 
0 
0 
0 
once every four months [ 
Regarding the robot's 'flexibility', which is here understood as 'the ability to be 
reprogram med in order to handle variations in the product range', some observations can 
be made. About half of the robots were bought to produce one specific product or just a 
small number of products. This occurred at Yellow, Petra, Iron, Falcon, Akker (only its 
first robot), and Aene, involving a total of six organizations and nine robots. The first 
four organizations still use their robots in this ngid way, whereby no product variability 
occurs at all. At Yellow, Iron and Falcon, the robots are specialized on one or two 
specific products, and Petra uses two identical robots for one product. Iron and Falcon 
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had the robot supplier deliver the programs as well, a policy which was emphatically 
rejected at Petra. Petra's robot was purchased after a thorough preparation, during which 
robot-using firms were visited. It was concluded that some of these machines 'disappeared 
under the plastic' because their owners had failed to build up robot knowledge internally. 
At Petra, an important argument to buy robots rather than automatic welding equipment, 
which seems to be more fit for their situation, was that robots would be able to produce 
another product in case the current product could not be sold any more. Thus, in Perra's 
case a conscious decision was taken to buy robots with 'flexibility' as ал important 
argument. Yet, the flexibility is latent in this case, and will only become manifest when a 
new product (range) is actually introduced. 
Akker, Aerie and Dies tried to convert from a small to a large product range. This 
process generated substantial difficulties, especially because this possibility had not been 
accounted for beforehand. Dies sold its robot, and Aerie's robot was underutilized for a 
substantial period. By undergoing a long trial-and-error process, however, Aerie 
ultimately managed to make a broad range of products, which are unique in the sense of 
size and cycle times (up to one hour). This requires substantial knowledge about making 
fixtures. Furthermore, additional investments in computer memory and welding tables 
c.q. manipulators were made. Akker's reason to buy a robot for one specific product was, 
that this product could technically only be made by a robot. This particular robot has two 
welding guns, which makes it more complex to use for other products. Ultimately, 
Akker's second robot, purchased eight years later than the first, is expected to handle a 
larger product range than the first one. Whereas Aerie and Akker ultimately succeeded in 
converting to a broad product range, Plough, Meubel and Component meant to produce a 
large number of products from the start. 
It can be concluded, that robots are used in situations with strongly varying output 
characteristics. This conclusion is vital to discuss hypothesis 2: 'The lower product 
complexity, the smaller product variability, the smaller the product range and the larger 
batch sizes, the less likely it is, that integrated jobs are found'. Roughly, two situations 
can be distinguished, namely stable versus dynamic output characteristics, as shown in 
Table 5.4. Note that product complexity is not included, as the nature of its influence is 
different from that of the other output characteristics. 
Table 5.4 : Output characteristics and organizational options 
| Output characteristics 
Product range 
Batch size 
Programming frequency 
Option 
Organization 
Stable 
1 - 3 
50 - unlimited 
0 
S 
Petra 
PI 
Yellow 
Iron 
Falcon 
Dynamic 
2 0 - 4 5 
1 - 1000 
at least once every four months 
S 
Meubel 
Plough 
PI 
Aerie 
I 
Country 
Akker 
Component 
According to hypothesis 2, it can be expected that stable output characteristics are 
coupled to split and partially-integrated functions, and that dynamic output characteristics 
are linked with integrative functions. Table 5.4 shows that far more combinations occur 
than is assumed by this hypothesis. 
Yellow, Petra, Iron and Falcon fit in the stable category, and the remaining organizations 
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belong to the dynamic category. Switches between categories are possible, as demon-
strated by Aerie and Akker, who both switched from the stable to the dynamic category. 
The output characteristics influence the frequency with which tasks occur. In case of 
stable output characteristics, programming never occurs, optimization scarcely (or in the 
extreme case of Petra never, leaving the split option as the only feasible one), and 
operation forms the bulk of the work. Thus there are only two alternatives left for 
operator's functions: partially-integrated (Yellow, Iron, Falcon) or split functions (Petra). 
Whereas the number of organizational options is limited in case of stable output character-
istics, dynamic output characteristics do not necessarily coincide with other options. The 
integrated function forms an alternative, but other options may still be chosen. At best, 
dynamic output conditions provide a necessary, but insufficient environment for the 
creation of integrated functions. The cases of Aerie, Plough and Meubel show that the 
favorable circumstances offered by the dynamic output characteristics were not sufficient 
for the creation of integrated functions. In Plough's case, the number of machines plays 
an important role (see below). The other firms with dynamic output characteristics 
(Akker, Country and Component) opted for integrated functions. All of these has opted 
for an integrative design, not only for the robotized workspot, but for the entire organiz-
ation. 
Many firms seem to strive toward stable output characteristics for its robots. Yet, the 
impact of variety reducing techniques is modest at best (see hypothesis 3). Only Compo-
nent reduced its product range, because one of the other machines in the cell where the 
robot was placed, could not handle the product range. Hence, the product range that can 
be handled by a group of machines is equal to the range that can be handled by the 
machine with the smallest handling capability, analogous to the smallest link determining 
the strength of a chain. Some products out of the organization's total product range are 
usually selected to be welded by a robot. Typically, these are products which have to be 
produced in sufficient quantities and are not too complex (see below). Yellow, Country, 
Aerie, Iron, Falcon, and Component are all examples of organizations, where they use 
the robots for component production. These components are later used in a large variety 
of end products. Yellow, Iron and Falcon succeeded in creating such a stable production 
environment, that the product variability is zero. By striving towards stable output 
conditions, organizations create an environment which is favorable for fractionized 
designs. Dies, Aerie and Akker faced the opposite development, namely from an intended 
situation with stable output characteristics to changing output characteristics, which was 
caused by external and unexpected circumstances, namely the cancelling of orders. Unlike 
Dies, Aerie and Akker managed to adapt to this new situation, be it that Aerie faced 
underutilization during a considerable period. 
At Country, another aspect of dynamic output characteristics showed. Country's robot is 
only used for about 38 percent of total production time. The remaining time is needed for 
optimizing and programming (11 percent), placing fixtures (24 percent), and gathering 
material (28 percent). Although recently a second robot operator was added, which 
measure was expected to double the utilization grade, this situation shows the effects of a 
high programming frequency and a high product variety on the utilization grade. The 
production situation becomes more complex, and more preparatory tasks have to be 
conducted, which asks for appropriate organizational measures. Otherwise, the robot's 
capacity is underutilized. 
So far, the output characteristic 'product complexity' has not been given attention. 
Product complexity can be assessed by the product cycle time. Complex products, 
consisting of many components, need more welds and at different locations than simple 
products of light material. Both the number of components, and thus the necessary 
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number of welds, affect the product cycle time positively. Yet, the same holds for the 
material to be welded: thick plates or 'exotic' metals such as titan require a longer 
welding time than respectively thin material or ordinary forms fo iron. From a technical 
point of view, both these factors also increase welding complexity and the welding time. 
Thus, the cycle time can be considered to be a good operationalization of (a technical 
conception of) product complexity. 
Three categories of product welding times can be distinguished: 
I Less than 2 minutes (Yellow, Iron, Falcon). 
Π Between 2 and 8 minutes (Plough, Meubel, Akker, Petra, Component). 
Ill More than 8 minutes (Country, Aerie). 
On average, product complexity is fairly low. Few products need more than five minutes 
to be welded. With respect to the operator's work, product complexity has an important 
consequence, namely machine-paced work can occur with short cycle times. At Iron, the 
cycle time of approximately 30 seconds is even shorter than the set-up time. 
The effects of machine-paced work can be mitigated by designing fixtures in such a way, 
that they contain several products, which has been done at Component. A measure which 
can reduce the monotony is having different products welded after another. At Plough, 
different components of the same end product are welded in one cycle. This is possible by 
placing the individual welding programs in a batch and by using several welding tables 
and fixtures. This policy allowed Plough to reduce its work-in-process. Meubel also has 
production runs consisting of various products. 
At Petra, the length of the cycle time was an important consideration. The cycle time 
must be longer than the set-up time to prevent strongly machine-paced work. On the other 
hand, if this gap is large, operators might get bored. 
Technical system 
According to hypothesis 1, the organizational design is independent from the technical 
system(-s) used. For arc welding robots, the use of off-line programming is relevant in 
this respect. This programming method requires a higher conceptual level than the teach-
in method, leading to a larger skill divergence between programming and operating tasks. 
In this case, one would expect off-line programming to coincide with fractionized designs, 
i.e. split or partially-integrated functions. Yet, hypothesis 1 is confirmed in the case of 
arc welding robots. The operator in the only organization using a variant of an hybrid off­
line programming, namely Component, had integrated functions and the broadest range of 
indirect tasks of all operators. The particular programming systems consists of a sort of 
spreadsheet, which contains the process parameters. However, these programs are not 
ready to use, and need calibration at the workspot. 
Although this finding does not prove that off-line programming is likely to lead to more 
non-integrated functions, it does point to the fact that the application of a hybrid off-line 
programming is not an insurmountable barrier to create integrated functions. One may 
hypothesize that in regular production situations (expensive) off-line programming 
packages are only bought when they are expected to be used frequently. Otherwise, this 
investment would not make economic sense. To validate this hypothesis, additional 
information was gathered by means of telephonic interviews. At least four Dutch organ­
izations have experimented with off-line programming of arc welding robots, but only one 
organization had succeeded in its implementation. However, this particular welding 
process was not a standard welding process. In all four cases, there were (intentions to 
create) integrated functions, which confirms the view, that off-line programming, albeit 
requiring abstract programming knowledge, does not form a barrier for the creation of 
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integrated functions. Yet, this relationship has a somewhat spurious character. The 
purchase of an off-line programming package for standard production situations is only 
economically advantageous if it is used sufficiently, i.e. when the programming frequency 
is high. All these organizations have dynamic output characteristics, or more specifically, 
generally produce unique variants of highly complex products. Such variants leave much 
time to program during the welding process, and substantial welding as well as program-
ming knowledge is needed (cfr. Figure 4.1). Thus, production situations in which off-line 
programming is an economically attractive alternative also provide ideal circumstances for 
the creation of (high level) integrated functions. 
Another indication affirming hypothesis 1 is the fact that the teach-in method does not 
guarantee the creation of integrated functions. Obviously, for arc welding robots the 
influence of other factors than programming methods is stronger than the programming 
methods themselves. The foremost important reason is the design orientation: Component 
clearly incorporated the robot in an integrative organization design. Another reason is 
indirectly connected to technical characteristics. 
Next to diverging skill requirements, another important difference between teach-in and 
off-line programming concerns economic consequences. As repeatedly asserted, teach-in 
programming constraints the economic feasibility of producing a large product range. 
None of the organizations produces more than 50 products with its robot(-s). This 
disadvantage might be solved by replacing teach-in programming by off-line program-
ming. This technical characteristic influences the economic feasibility of dynamic output 
characteristics. These output characteristics influence on their turn the division of labor, 
as discussed above. Yet, the economic feasibility is further constrained when different 
types of fixtures and welding tables are needed. This is generally the case when the 
products are not just slight variations of each other. Investments in fixtures can be 
considerable, i.e. up to thirty percent of the robot system. Especially the smaller organiz-
ations with a large product range of strongly diverging products and a high product 
variability, make these fixtures internally (Aerie, Meubel, Akker) to economize on these 
investments. Aerie was able to produce a larger product range after purchasing additional 
manipulators. 
Labor market 
At some firms, a shortage of welders had been an important motivation to buy the robot(-
s), especially at Plough and Petra, and to a lesser extent at Yellow, Aerie and Meubel. In 
other organizations this argument was only of minor (Country) or no importance (Akker, 
Iron, Component). Yet, in none of the organizations the introduction of robots led to 
firing employees. Instead, the formulation is: 'if the robots had not been introduced, and 
if welders had been available, more welders would be employed to produce the current 
quantities'. In general, this effect is in the order of 1 to 1,5 additional employee for each 
robot, i.e. 2 to 2,5 manual welders produce the same output as one robot with its 
operator. The replacement of manual welding by robots is an important motivation to 
introduce these machines, but it has to be noted that this effect is rather limited compared 
with mass mechanization, which may be one factor explaining the slow diffusion of robots 
(cfr. section 3.2). 
The respondents of individual firms had strongly differing perceptions about the labor 
market scarcity of welders. Akker and Component ('nothing of the sort is known to us') 
experienced no difficulties attracting welders. However, Akker's position is rather 
special, as the firm faced a strongly declining demand for its products, resulting in the 
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firing of its less competent welders while retaining the more competent ones. On the other 
hand, Akker had already opted for integrated functions when its business conditions were 
still favorable. Probably due to its integrative design orientation, Component enjoys a 
good reputation at the local labor market, which was said to supply sufficient welders. 
Other organizations (Aerie, Meubel) stated that they would employ more welders had they 
been available, or mentioned labor market scarcity as the prime reason to purchase robots 
(see above). 
Educational requirements vary with work content. The case of Petra is a clear confirma-
tion of the unskilled nature of the operating tasks. On the other hand, programmers need 
welding knowledge as well as knowledge how to operate and program the robot. Most 
programmers possess a LTS-diploma or a comparable level. Yet, only welding knowl-
edge, preferably certified, is a conditio sine qua non. Equally important are less palpable 
traits such as 'well motivated' and 'interested', which often serve as criteria to select 
robot programmers out of the internal pool of qualified employees. 
With respect to the fourth hypothesis, 'Labor market scarcity at intermediate segments 
forms an obstacle for the application of integrative designs', the following observations 
can be made. All organizations with dynamic output characteristics which do not have 
integrated functions (Aerie, Plough, and Meubel) mentioned labor market scarcity as an 
important reason for this decision. The organizations with integrated functions (Country, 
Akker, and Component) mentioned organizational arguments. A possible conclusion is 
that the labor market scarcity can be overcome by offering integrated functions. In that 
case, the solution is found in a measure at the demand side rather than reacting to the 
supply side. These integrated functions prove to be sufficiently attractive for qualified 
welders, but it has to be mentioned that the integrated functions at Country and Compo-
nent also contain many indirect tasks. Akker forms an exception to this rule, but as stated 
this firm occupies a special position experiencing worsened business conditions. 
The organizations with stable output characteristics all opted for partially-integrated 
functions, with the exception of Petra. Petra's employees are less able, and optimizing 
hardly ever occurs at Petra. This choice can be seen as a contradiction of hypothesis 
three, because optimizing requires some programming knowledge, and higher skills than 
the operating tasks. Yet, the products of these organizations (Yellow, Iron, and Falcon) 
are all simple, having cycle times of 33 seconds at most, which makes optimizing much 
simpler than with more complex products. Nevertheless, at Yellow the cluster leader and 
the programmer frequently assist with optimizing. Furthermore, the skill level needed to 
optimize is substantially lower than the skill level needed to program. This is even 
stronger the case with the relatively easily programmable robots than for CNC-machines 
(see chapter 4). 
Regarding hypothesis four, it can be concluded that labor market scarcity at intermediate 
segments is sometimes used as an important argument to opt for other than integrated 
functions. The same problem can be overcome by creating integrated functions. This has 
to be possible, i.e. the output characteristics are classified as 'dynamic', and is a result of 
an conscious integrative design policy. 
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Other faeton 
Two other factors influencing the productive capacity need discussion here, namely the 
number of robots in use and the number of operating hours per week. 
No systematic relationships between the division of labor and the number of robots were 
found. Integrated, partially-integrated and split functions prove to occur with the use of 
one robot (respectively Country and Component; Aerie and Iron; Meubel) c.q. two robots 
(respectively Akker; Yellow and Falcon; Petra). With this limited number of robots, no 
systematic influence could be detected, and it has to be concluded that all combinations 
are possible and were actually effectuated. Only Plough occupies a special position in this 
respect, not only because of the number of robots, but also because of its special 
organizational arrangement. Plough's programmer-operator takes care of all robot-related 
activities on its three robots, while the other two operators only conduct operating tasks. 
The influence of the number of robots was further investigated by means of two telephon-
ic interviews. This proved to be possible when additional information was acquired. 
These firms are fairly well comparable; the second respondent even spontaneously 
mentioned the first as its competitor. They not only produce the same kind of product 
with comparable dynamic output characteristics, but also use the same number and type 
of robots, be it that one organization employed two additional robots of another brands. 
Major differences concerned the organizational options and the labor market. Being 
located in a traditionally economically strong and still growing region, the organization 
with specialist programmers (and thus separate operators) experienced severe recruiting 
problems. The organization with integrated functions was located in a region with little 
industrial activity, and thus few opportunity alternatives. In the latter case, the attractive-
ness of the robot operator's function was mentioned as the reason to have integrated 
functions. 
The following observations were made with respect to the number of operating hours. In 
six cases, the robots are currently operated in only one shift, which was also the regular 
operating period for the rest of the plant. In case of Plough and Akker, which are both 
heavily dependent on agricultural mechanization, market demand had fallen back so 
drastically, that the former two-shift system has been (temporarily?) repealed in favor of a 
'regular' 40 hour operating week. Since both cases show interesting differences and their 
regular operating period consists of a two-shift system, they are included in the analysis 
of cases using a two-shift system. However, these examples do make clear that the 
number of operating hours is heavily dependent upon business conditions within a certain 
period, which is to be expected as changing the number of operating hours is generally an 
easier and reversible way of reducing production capacity than buying or selling physical 
capacity. 
Unmanned production is impossible as long as (un-)loading can not proceed automa-
tically. The mechanization of (un-)loading is technically complex, and thus capital-
intensive. Thus, in none of the cases unmanned production occurred as this is not yet 
technically and economically feasible. 
In all cases with an effective operating period of more than 44 hours a week, a two-shift 
system was used. Table 5.5 provides some data concerning the potential influence of shift 
work on the division of labor as there may be differences between both shifts (see 
section 4.1). 
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Table 5.5 : Shift work and organizational options 
Organization 
| Country 
Akker 
Component 
Plough 
Yellow 
Falcon 
Output 
characteristics 
Dynamic 
Stable 
Organizational option 
First shiA Second shift 
Integrated 
Split and integrated 
Partially-integrated 
Integrated 
Split and integrated 
Partially-integrated 
From Table 5.5, it can be concluded, that no differences in the division of labor between 
both shifts occur in the organizations investigated, except for the finding that production 
planning and other preparatory tasks have to be conducted during the day-shift (Plough), 
and that the day shift is sometimes preferred to program complex products because of the 
presence of supportive services (Component). 
All organizations with integrated functions work two shifts (during regular business 
conditions). Akker mentioned the fact that the operator has to act independently during 
night shifts, which is one of the reasons to opt for integrated functions. Country finds 
itself in a similar situation. Plough solved this problem by having one programmer-
operator for all three robots. This can be viewed as a tentative indication, that an 
extension of operating hours may have a favorable impact on job design, at least as long 
as it is technically impossible to have the production process proceed automatically. The 
remaining two organizations with a two-shift system, Yellow and Falcon, have stable 
output characteristics, i.e. a routine production process, allowing partially-integrated 
functions. 
Furthermore, the negative impact of working night shifts is overcome in the integrative 
organizations. Whereas Plough mentioned increased recruiting difficulties for qualified 
welders because of its two-shift system, the integrative organizations do not seem to be 
bothered by this. 
An interesting relationship between product complexity and the number of operating hours 
was found at Aerie. This organization manages to extend its effective operating period by 
four hours a week by having the robot work through the breaks, which is only possible 
due to the extremely long welding time per product (up to one hour). This relationship 
between the length of the welding time, or, in general, cycle time and the number of 
operating hours has not been reported in other research. 
The length of the operating period is positively related to the number of robots, as the 
average number of robots in organizations with a two-shift system is 1.87 compared to 
1.25 in organizations working one shift. 
Finally, the organizational size was not found to be related to the division of labor. 
However, a noteworthy observation was made at the small organization Meubel, where 
the manager occasionally operates the robot himself. One may expect an increasing 
organizational size to be positively related to the degree of the division of labor. How-
ever, such a relationship is more likely to show at the organizational level than at the 
level of the individual workspot, which formed the focus of this project. 
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Figure 5.1 is a graphical representation of the factors that play a role in the formation of 
robot operators' jobs, and the interrelationships between these factors. It summarizes the 
relationships as described in the previous section. Figure S.l is an adaption of Figure 2.2, 
putting more stress on some specific relationships. Especially the role of the output 
characteristics is emphasized. The output characteristics make the role of the product 
market (see Figure 2.2) more concrete. This is possible because in this chapter the level 
of analysis is the (robotized) workspot whereas Figure 2.2 applies to the (higher) level of 
the organization. This also possible to link the output characteristics to the technical 
system under study. On the other hand, the changed level of analysis has its limitations 
too: the purpose of this study is to investigate the division of labor around arc welding 
robots, i.e. around a specific technical system. Analogous to the reasoning of chapter 
two, where the design rules were assigned a more important role than the technical 
system, it has to be kept in mind here that the introduction of a technical system only 
affects the organizational task pool, and does not completely determine it. Next to the 
changed emphasis on output characteristics, a second major change is introduced in 
Figure 5.1: more explicit consideration is given to the formation of the labor organization 
as the result of a (changed) organizational task pool and the application of design rules on 
this organizational task pool. 
Figure 5.1 : The formation of jobs around technical systems 
Technical 
system 
1 
2 Output 
characteristics 
3 
I 
1 
I 
4 
5 
1 
ι ι 
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The Organizational task pool' is placed in the middle of Figure 5.1. The organizational 
task pool can be seen as the totality of all tasks that have to be conducted by human 
beings within the organization. In the first place, the organizational task pool is the result 
of the totality of products which the organization makes, and which can be described by 
means of Output characteristics' (arrow 3). Certain tasks have to be conducted to produce 
these products, resulting in the organizational task pool. This effect has a qualitative 
(what tasks have to be conducted?) and a quantitative (how often do these tasks occur?) 
dimension. In the second place, the organizational task pool is influenced by the technical 
systems used. In other words, part of the necessary tasks to produce the output is carried 
out by the technical systems(-s) used (arrow 1). The technical system has several effects 
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on the organizational task pool. Firstly, technical systems generally conduct tasks which 
otherwise would have been conducted by humans, i.e. the use of technical systems ceteris 
paribus leads to the elimination of work for humans. Secondly, simultaneously with 
mechanizing and thus eliminating tasks, machine-related tasks are created. Once installed, 
the technical system dictates these machine-related tasks: its way of operation is part of 
the technical system. The frequency with which these tasks occur, however, is determined 
by the output characteristics. In other words: how the technical system is used in terms of 
production. There are limits to the output that technical systems produce which have to do 
with the more or less limited physical capacities and economic feasibility of handling a 
certain output (arrow 2). 
The tasks of the organizational task pool are divided over organization members via 
design principles, i.e. rules that are consciously or unconsciously applied to decide who 
has to do what. This process leads to the formation of functions, which can be considered 
as bundles of tasks to be conducted by individual organization members. Together, they 
form the labor organization (arrow S), i.e. the totality of all functions that exist within the 
organization, for which the term 'function structure' can also be used. The latter term is 
preferred when labor market aspects are taken into account; the function structure is the 
organization's demand for employees, which meets the supply of labor at the labor market 
(arrow 7). As skills are necessary to conduct tasks, job holders have to possess the 
necessary skills to conduct each individual task, that is part of their jobs. Strongly 
diverging skills can be an obstacle for the combination of the underlying tasks into 
functions. The same reasoning applies to tasks created by the introduction of new 
technical systems: the skill levels required to fulfil these tasks may or may not show 
variations. 
The labor market supply may form a constraint for the formation of functions. In case of 
scarcity of a particular sort of employees, other design principles may have to be applied 
to divide the existing organizational task pool in another way over organizational 
members, in such a way that all tasks will still be fulfilled (arrow 6). 
The design principles are concrete manifestations of underlying design orientations, i.e. 
ideas about the efficiency of a certain extent of dividing labor. In section 2.1 two 
contrasting design philosophies were distinguished as both extreme poles on a continuous 
scale, namely the fractionized and the integrative design philosophy. These design 
principles influence the organizational task pool: the inevitable consequence of dividing 
labor over more than one person is that the work of these persons has to be coordinated, 
i.e. coordinating tasks are created (arrow 4). The burden of coordinating activities can be 
an important reason to choose for integrative designs, which have a lower need for 
coordination. 
The reasoning as depicted in Figure 5.1 can be applied to the technical system 'arc 
welding robot'. The introduction of arc welding robots leads to the introduction of robot-
related tasks such as programming, optimizing, (un-)loading and maintenance. Some of 
these tasks, for instance maintenance and (un-)loading, may already have formed part of 
the organizational task pool, as they had to be conducted for other machines, but they are 
new as far as the robot is concerned. In general, i.e. in the majority of cases where 
manual welders work, the robot eliminates (part of) the manual welding. Thus, the 
organizational task pool is affected by the elimination of manual welding and the 
introduction of robot-related tasks (arrow 1). The frequency with which the latter occur 
are determined by the output characteristics, or the way the robot is used for production 
(arrow 3). Programming frequencies range from once a week to once in the robot's 
lifetime, and the optimizing frequency largely depends on the number of times that one 
switches to other products. During operation, the bulk of the operator's work consists of 
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(un-)loading, which is interrupted by switching to new products (arrow 2). Although the 
robot has an aura of 'flexibility', it need not necessarily be used to produce a wide 
product range. Several firms were found to produce about 45 different products within a 
certain period, which is perhaps the upper limit. The robots of other firms are used for a 
highly limited product range, namely not more than three different products, although 
slight variations in the form of product variants occur. The use of a robot for a broad 
product range is limited by a combination of technical and economic reasons. As a 
consequence of the complex kinematical configuration of robots, an overwhelming 
majority of robots is programmed on-line by means of the teach-in method. The resulting 
loss of production time is an obstacle to introduce new products: this is only economically 
useful if sufficient quantities will be produced. The introduction of off-line programming 
is not likely to change this situation dramatically, as sometimes costly adaptations to the 
robot system are necessary to produce many different products. Especially welding 
fixtures and tables c.q. manipulators may be needed. Furthermore, the greater the product 
range and the differences between these products, the more complex the production 
situation which has to be controlled. 
The tasks of the changed organizational task pool have to be divided over robot operators 
and other organizational members. In case of dynamic output characteristics, i.e. when 
programming occurs and there are frequent optimizations due to product changes, 
organizations may opt to include programming into the operator's function, i.e. apply 
integrative design rules to create integrated functions. With stable output characteristics 
the choice is far more restricted as not integrated functions can be formed. The resulting 
split or partially-integrated functions generally include few indirect tasks (arrow 5). Such 
an integrative policy is not necessarily restricted to robot-related tasks, but may also take 
indirect tasks into account. The application of design rules to the organizational task pool 
leads to the formation of functions, which together form the organization's demand for 
labor. This demand is confronted with the labor supply at the labor market (arrow 7). In 
case of a small supply of persons with the needed skills, in this case qualified welders 
who are needed to program, these persons find themselves in a comfortable position. In 
some organizations, this labor market scarcity is an important argument to opt for other 
than integrated functions, leaving the less attractive tasks for unskilled operators. The 
welders' c.q. programmers' work in these organizations includes programming, and 
possibly optimizing, next to a multitude of other tasks. In these cases, the labor market 
was an argument to apply fractionized design rules (arrow 6). Other organizations, 
however, used integrative design rules, thereby creating jobs that are sufficiently 
attractive for qualified welders c.q. programmers. In this case, the need for coordination 
between programmer and operator is eliminated (arrow 4). 
Two features of Figure 5.1 deserve special attention. Firstly, the technical system only 
fulfils a moderate role in the creation of jobs. It affects the organizational task pool, but 
the formation of the labor organization is a matter of applying design rules to this 
changed organizational task pool. Both fractionized and integrative design rules can be 
applied to the same organizational task pool, resulting in totally different work designs. 
Secondly, there are many loose links in Figure 5.1. These concern the way the robot is 
used, which has to be seen in connection with the output characteristics and consequently, 
the chosen approach of the product market, the choice of technical systems and design 
rules, and connected with this the organization's labor market policy. At such decoupling 
points, there is a certain degree of choice in making decisions. Different options can be 
exercised with respect to every single aspect mentioned. 
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CHAPTER SEX 
EPILOGUE 
'Technology and work' is likely to stay a pervasive theme in scientific as well as popular 
literature. As the underlying study is part of this stream of literature, it seems appropriate 
to place the conclusions drawn in the previous chapters in the light of the historical debate 
of the theme, which is the purpose of this epilogue. Furthermore, in the course of doing 
so, the accurateness of the robot's friendly image is assessed critically by discussing work 
content, and hence (required) skill levels, and working conditions in robotized work 
situations. 
Probably technology, or preferably 'the technical system', is given too much attention in 
discussions and debates about the theme 'technology and work'. This is not surprising, 
because organizational changes often go along with, or are even induced by, technical 
changes. The changes with respect to the factor 'labor' occurring after the introduction of 
a new technical system are easily ascribed to the visible change in the technical system 
rather than the somewhat impalpable notion of 'organizational design orientation'. The 
human fascination with technical innovations may be the root of such an interpretation of 
technical determinism. Yet, as repeatedly asserted in the preceding chapters, the organiz-
ational design orientation, possibly concretized in a design method, has to be assigned 
more weight in analyzing work changes than the technical systems. On the other hand, 
both aspects are inextricably bound up with each other. A striking similarity between the 
valuation of changing work content and technical systems concerns the presence of 
optimistic and pessimistic views on both. 
Optimistic and pessimistic views on the development of 'technology' seem to dominate by 
alternation. There is a widespread belief in the economic advantages to be gained by the 
development and use of new technology. Even if the opinion about the systems them-
selves is not optimistic, these economic advantages are a decisive argument to develop 
and adopt new technology, and form the backbone of organizational, national and 
international policies stimulating technological developments. A well-known example of a 
pessimistic vision is the nineteenth century Luddite movement, which set out to destroy 
machines because jobs were eliminated. Earlier examples are known, such as the banning 
of weaving machines in Leiden due to weavers' protests in 1621 and the example of 
Vespasianus which formed the beginning sentence of this book. The classical argument 
underlying a pessimistic view is still a major source of negative attitudes toward new 
machinery: jobs are lost due to mechanization, and the new work, if any, may be a 
serious deterioration. However, whereas machines in most cases undeniably take over 
human work, the impact on the newly created work is in the first place a matter of 
organizational policies concerning the design of jobs (and work places). There are also 
optimistic or pessimistic views on the development in the application of design orienta-
tions and the consequences of that development for skill levels. In these debates, three 
different positions are taken, to which (one of) the following labels are attached: 
I. Degradation \ downgrading \ deskilling. 
II. Regradation \ upgrading \ upskilling. 
III. Polarization. 
Degradation holds that existing functions are broken up as far as possible, i.e. 
fractionized design methods are applied. Jobs demanding little skills, often even unskilled 
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or semi-skilled jobs, result. Regradation refers to the opposite phenomenon, namely the 
integration of tasks. Polarization is more or less a mixture of regradation and degradation: 
some jobs are enriched, and other jobs are degraded. Polarization is often mentioned in 
combination with degradation, where the skilled tasks are split of a formerly skilled 
function and combined into a new skilled job, leaving the semi-skilled or unskilled tasks 
for others. In this case, many unskilled jobs may be created together with a few skilled 
jobs, leading to an overall decline of skill levels (see: Sorge and Streeck, 1988, 22-23). 
At the micro level, the explanations for these changing skill levels can be divided into two 
major categories, namely the presence of organizational design orientations and the 
implementation of (new) technical systems. Some authors concentrate on just one 
category, but others name reasons belonging to both categories. Yet, both causes have a 
different nature. The implementation of new technical systems affects the tasks that have 
to be conducted in the organization. Generally, manual work is replaced by one or more 
machines, which have to be operated. Thus, both regradation and degradation may occur 
after the introduction of a new technical system. The effects of another way of dividing 
labor is slightly different: the same tasks are divided in a changed way. As with technical 
systems, regradation may occur, but the degradation for many is combined with regrad-
ation for few, in other words: polarization occurs. 
Representatives of degradation, regradation and polarization perspectives have been 
present as long as the division of labor has been studied. In the following, a historical 
account of opinions, held by scholars of various countries and political and professional 
backgrounds, concerning developments in work content and the consequences thereof for 
skills, and the role played by technical systems in this development, is given. This long-
standing debate has become increasingly complex over the years, while at the same time 
retaining many of the arguments raised in the debate's beginning phases. The emphasis is 
on manufacturing industries, as these have been given most attention in the historical 
debate and because the majority of industrial robots are used in manufacturing. In this 
overview, the terms 'optimistic' and 'pessimistic' are used to describe respectively 
upgrading and downgrading, thereby following the convention. Yet, it has to be kept in 
mind, that such these terms almost explicitly contain a normative judgement about the 
desirable development, and that this norm is humanitarian. 
An historical account 
Throughout history, the views of degrading respectively regrading seem to have been 
dominant by alternation, perhaps degradation being dominant. 'The opinion, that the 
machine, the driving force behind the development of modem firms, and stimulating the 
splitting up of labor, therewith led to a simplification of the work and a reduction of 
professional skills, was until recently little contested' (van der Waerden, 1911,1), thus 
demonstrating that the debate on degradation and regradation is not of a recent date. In 
his review of literature, the opinions of (political) economists and engineers about the 
division of labor are discussed. Although these authors often only address particular 
aspects, and frequently mingle organizational and technical issues, it is worthwhile to 
reconstruct some of their views and compare these with the opinions uttered after 1945. 
According to Smith (1776, I: 13-14), the division of labor gave rise to the invention of 
better working methods, including machines. With the well-known example of the pin-
making factory, which he had probably found in an article in a French encyclopedia 
published in 1755, Smith describes a fractionized labor organization, which by then 
already was an established way of organizing. Throughout the nineteenth century, the 
discussion centred on two closely related issues: 
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1. The social consequences of the fractionized way of organizing. 
2. The impact of technical systems on the level of work. 
There seems to have been virtually no disagreement on the question, whether or not 
fractionized designs were being applied, but the impact of new machines was hotly 
debated. The discussion centred mainly on the social consequences of job losses due to 
mechanization. Sismondi recommended the use of machines, especially if labor was 
scarce, but also he also saw the danger that workers, made superfluous by the mechaniz-
ation, might starve to death (1819, 285-187). Less dramatically, Ricardo also pointed to 
the unemployment due to mechanization (1817, 264-266). The attention on job displace-
ment is not surprising in an area of occasional revolts against the introduction of new 
machines, such as the Luddite movement. Around 1800, the replacement of work by 
machines seems to have been given more attention than the accompanying effects on job 
content, which is only referred to in a passing way. Smith had already warned about the 
'stultification' of work (1776, II: 303), with which Sismondi agreed (1819, 282-283). All 
authors agreed on the economic advantages in the form of significant productivity 
increases to be gained from splitting labor and using new machines (Smith, 1776, I: 7-14; 
Sismondi, 1819, 282). Fractionized design methods were constantly being refined, for 
instance by Gioja and Babbage (1835) (see section 2.1), and the same holds for the 
invention and improvement of technical systems. De Villeneuve-Bargemont wrote in 
1834, that the new machines created unskilled work, an opinion which he thought to be 
commonly accepted and had earlier been expressed by Sismondi. Yet, some thirty years 
later Levasseur rejected the opinion that machines led to an increased division of labor 
and the numbing of man. Instead, they eliminated heavy work. 
The discussion seems to have become more animated with the writings of Engels and 
Marx. 'There is no better means of inducing stupefaction than a period of factory work', 
according to Engels (1845, 179). In the 'Manifesto of the Communist Party' it is stated 
that 'the work of proletarians has lost every independent character due to the growing use 
of machines and the division of labor', and workers are called 'appendages' of machines 
(Marx and Engels, 1848, 55). Yet, these statements are not representative. In 'Das 
Kapital', Marx gives detailed accounts of deskilling, drawing among others on reports of 
the English Labor Inspectorate. In this work, an example is also given of a phenomenon 
which was later to be called 'polarization', where Marx describes the mass of unskilled 
workers, often children, whose main task was to feed machines, on the one hand and the 
'insignificant number of employees occupied with the control of machines and mainten-
ance' (1867, 402-403). The widely spread unskilled jobs allowed to employ women and 
children, which lowered labor costs. 
The discussion of work content was continued around 1900 by Marshall and Sombart. 
Marshall incorporated the issue in his discussion of 'industrial organization'. His opinion 
can be characterized as moderately optimistic. Although he acknowledges, that much 
unskilled works only exists of feeding machines, ultimately the uniform work 'is sure to 
be taken over sooner or later by machinery' (1890, 255) and new machines require higher 
skill. Marshall also asserts, that the connection between the improvement of machinery 
and the growing subdivision of labour is not as close as generally supposed. Instead, the 
'increased demand for great numbers of the same kind' leads to the subdivision of labor, 
and machines can improve certain operations (1890, 255). The economic advantages of 
the combination fractionized organization and new machines is uncontested for Marshall, 
an opinion shared by the German scholar Sombart. According to the latter, a mutual 
influence between the division of labor and the application of machines: 'The splitting of 
labor made machinery possible, as conversely machining technique compels the principle 
of splitting labor to its utmost consequences' (1902, 54). The application of this last 
principle, and not the use of machines, is the cause of the formation of 'a large mass of 
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purely mechanical activities, which now can be conducted without any problems by the 
dumbest' (1902, 496). The more unskilled work is used, the lower production costs 
Furthermore, labor saving is the economic principle of the machine Sombart makes a 
distinction between integrating and differentiating machines In the former category, all 
activities are mechanized, whereas only part of the activities are taken over by differenti-
ating machines, which are based on splitting labor (1902, 531) Another author, Harms, 
confirmed in 1909 a more subtle view about machines Harms acknowledged in 1909, 
that the division of labor led to simplified operations, which lend themselves for mechan-
ization, but he also warned against a biased judgement. Although in many faetones 
mechanization was combined with 'workers who are not more than an automaton', 
considerable skills were sometimes needed to operate other types of machines In 1908, 
the engineer Matschoss expressed the straightforward opinion, that machines took over 
monotonous work. 
The empirical evidence used to demonstrate the described trends was generally very 
circumstantial, as in case of Smith's pin making factory, but sometimes elaborate, for 
instance in 'Das Kapital' The use of casuistic evidence made it possible to demonstrate 
both degradation and regradation and defend a diversity of opinions concerning the 
influence of machines More compelling quantitative data were scarce An exception to 
this rule is quoted by van der Waerden, namely the result of a German survey conducted 
in 1895 and 1907 in commission of the Minister of Trade and Industry. The results 
showed, that in all but one industrial branch ('art crafts') the proportion of unskilled work 
had risen from an average of 34 4 percent in 1895 to 41 0 percent in 1907. Furthermore, 
in both years there proved to be substantial differences between branches with proportion 
of over 90 percent of skilled work to 15 percent or less (van der Waerden, 1911, 53-58) 
His own empirical work, consisting of written responses to his requests for information 
and factory visits in the Netherlands, showed a similar picture concerning the use of 
unskilled labor, although no trend could be detected, the project having been conducted 
only once. Yet, the Dutchman Vliegen asserted in 1908, that 'the demands posed on 
modern industrial workers are incomparably higher than used to be the case', naming 
various examples of skilled workers 
Following van der Waerden it can be concluded, that a broad variety of opinions about 
the development of work content and the related topic of skill levels, and about the 
influence of technical systems had already been expressed by 1911 Degradation was 
clearly the dominant perspective and was supported by the German data, but the already 
existing dissent remained Another overwhelming impression is, that this degradation 
process was more or less seen as perhaps regrettable, but certainly inevitable Manufac-
tures and later faetones with an increased division of labor and new machinery outcom-
peted older production systems The causes for deskilling were found in the influence of 
technical systems and the splitting up of jobs There were several views about the 
relationship between these two phenomena According to most authors, mechanization 
created unskilled, generally machine-paced jobs Some dissenting opinions were expressed 
by Levasseur, and later Marshall, Sombart and Matschoss, according to whom unskilled 
jobs were eligible to be mechanized Smith's view, that unskilled jobs led to improved 
working methods found little response, probably because machine-building increasingly 
became a specialism itself The dominant view in the nineteenth century clearly was, that 
machines created unskilled work (Sismondi, de Villeneuve-Bargemont, Marx), which 
standpoint can be easily explained as technical determinism Yet, technical innovations 
were often accompanied by organizational changes, and until Sombart's and perhaps 
Marshall's work, both causes of the degradation process were generally not separated 
Furthermore, only the fractionized design onentation was used, preferably leading the 
most extensive division of labor possible The economic supenonty of this way of 
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organizing remained uncontested during the entire period and, if any, critical notes 
concerning the nature of this work were humanistically motivated. 
There are several explanations for the differences in opinion. In the first place, there is 
the circumstantial nature of most of the evidence, which allowed to draw conclusions in 
both directions. Even though van der Waerden cited quantitative material and conducted 
empirical research, both of which proved the presence of substantial numbers of unskilled 
workers, a finding in affirmation with those of most contemporary and at the time already 
classical authors, counter examples could always be found. The same finding holds for 
the impact of technical systems. Generally, the machines were fed by unskilled workers, 
but on the other hand part of the unskilled work was taken over by machines. These were 
seen to lead to unskilled work (le Villeneuve-Bargemont; Marx), but also as eliminators 
of heavy and monotonous (Levasseur; Matschoss) and unskilled work (Marshall; 
Sombarf). The varying types of machines (Harms; Sombart) and work around these 
machines could 'prove' both the degradation and the regradation thesis. Secondly, there is 
the growth of the number of occupations, often in new industrial branches. On their tum, 
these may have been downgraded in the course of time, but initially new skilled jobs were 
created. Thirdly, loose from the factual developments, which as stated above were very 
hard to map due to the lack of quantitative data and the necessarily impressionistic nature 
of the remaining empirical evidence, the valuation of these developments differed, and 
may have influenced the gathering of data. Whereas these academic debates had been 
present from the beginning on, Marx' work may have functioned as a catalyst. Notably in 
this respect is van der Waerden's discussion of the views of the prominent Dutch 
professor and anti-Marxist Treub, who accepted most of the facts and predictions 
described by Marx, but rejected his interpretation (1911, 11-30). Separate from societal 
and political viewpoints, the professional background of the engineer Matschoss may be 
related to his sympathetic attitude toward machines. However, one fact remained 
uncontested, namely the increasing importance of mass production, or in Marshall's 
words: 'increased demand for great numbers of the same kind'. Mass production gave 
rise to and was made possible by an increased division of labor and new machinery. 
Where craft production remained, it was seen as old-fashioned way of producing which 
sooner or later was to be replaced by mass production. The economies of scale which 
could be achieved by means of a fractionized organization and new technical systems 
must have made an overwhelming impression: even van der Waerden, who stressed the 
undesirable effects of the deskilling tendency coinciding with the ever-increasing 
importance of mass production, saw this trend as inevitable, and looked for compensation 
outside the working situation. 
After World War II, much of the discussion was repeated, especially with respect to the 
supposed degradation and regradation. Especially France formed the stage of a lively 
debate. Touraine published a study in the Billancourt plant of the French car producer 
Renault, which formed the basis of his 'three phase theory'. He distinguished three 
different phases of technical systems, which he connected with specific forms of the 
division of labor. In the artisanal phase A, autonomously working, professional and 
skilled working craftsmen make use of several kinds of relatively simple machines. The 
influence of technical systems increases in phase B's mass production: unskilled workers 
perform one, or a limited number of highly specialized tasks. Phase В is considered to be 
a transition to phase C, in which all manual work has been taken over by machines, 
which are monitored and maintained by new types of craftsmen. A paradoxical situation 
exists in this last system: 'without a paradox, one must say, that the new system of work, 
because it is technical, is entirely social' (19S5, 177). Although Touraine acknowledges 
the existence of different ways of dividing work in this last phase, dependent on a 
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multitude of social factors, his overall judgement is optimistic. The decomposition of 
work, which is an essential characteristic of phase B, is necessary in order to have 
machines take over this work and reach phase C. Touraine places these different phases 
in a historical perspective, whereby the phases were seen to be dominant respectively in 
the period before 1880 (phase A), from 1880 to 1930 (phase B), and from 1930 onward 
(phase C). An extrapolation of this technical evolution to the future leads Touraine to his 
optimistic point of view, be it, that he cautiously warns: 'these conclusions may not be 
more than hypotheses' (1955, 173). Touraine's standpoint contrasted with that of the 
influential sociologist Friedmann (de Nijs, 1987, 65-67), who saw a trend of deskilling 
accompanying the transition from a 'milieu natural', i.e. Touraine's phase A, to a 'milieu 
technique', which is covered by phases В and С (1946). According to Touraine, however, 
this evolution may not be judged with the 'arbitrarily chosen ideal' of the traditional 
craftsman of phase A (1955, 14). 
In the early 1960s, Mallet placed the discussion in a Marxist perspective, although his 
empirical basis is not uncontested (see Gallie, 1978, 16-29). With the development of 
electronics, new industrial sectors were created, which employed 'a new working class' 
of skilled workers: operators, maintenance workers and technicians. These new workers, 
indispensable for management because of their firm-specific knowledge, were to play a 
leading role in overthrowing the existing capitalist society. Another Marxist-oriented 
French author, Naville, stressed in a 1963 book the disadvantages of work in an auto­
mated production environment. Although the trend toward an increasing subdivision of 
labor was reversed, other new problems in the form of mobility were created. One of 
these problems was the creation of polyvalent workers, because this policy affected the 
occupational identity. The existing alienation was accentuated and transformed, not 
eliminated (see Dull, 1975, 194-200). 
Meanwhile, in Germany Popitz c.s. published their study of a steel mill in 1957. They 
also signalled a tendency toward more cooperation and higher responsibility given to 
production workers in various departments of the steel mill. For the future they expected 
this tendency to continue in connection with increasing automation (1957, 212). In the 
United States, Kerr c.s. (1960) set out to demonstrate the need for a highly skilled 
workforce in the future, but this work rests more on a futuristic vision than on empirical 
data. Earlier, Bright had adopted a dissonant position in 'Automation and Management' 
(1958). He distinguished seventeen different levels of automation, and had studied thirteen 
organizations with advanced levels of automation. His conclusion concerning skill levels 
was unequivocal: 'growing automaticity tends to simplify operator duties' (1958, 183), 
although some counteracting effects could be present, such as multi-machine operation 
and the assignment of tasks as setting-up or inspection to operators' jobs thereby blurring 
the distinction between direct and indirect work. The same conclusion was drawn with 
respect to indirect jobs with the exception of some maintenance work. Having concluded 
this, Bright set out to formulate a 'theory of skill requirements for operators', according 
to which skill requirements rise in phases two and three, respectively representing the 
introduction of tools and introduction of power-driven tools, but in further phases the 
central concept of control was increasingly being taken over by machines, progressively 
eliminating the need for human skills. Yet, the trend toward growing automaticity will not 
completely eliminate the unskilled jobs, leaving only skilled jobs in maintenance, set-up 
and design. In many cases, 'man is a far cheaper and flexible control device than 
feedback mechanisms for many machines' (1958, 188): many activities will be left for 
humans. Furthermore, '[t]he mix of parts, products, and models required by many sales 
situations is astonishing', which 'will not support completely automatic machinery'. In 
addition to that, machines are continuously being improved, thereby reducing the need for 
maintenance and making maintenance more simple. 
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Blight's arguments were not sufficiently convincing for everybody. In 1964, almost ten 
years after Touraine had introduced his three phase theory, the American Blauner 
introduced basically the same idea as the 'U-curve'. His book 'Alienation and Freedom' 
reports about an empirical study in organizations in the printing, textile, automobile and 
chemical branches, all presenting stages of technical development. The chemical industry, 
being highly automated, was held to be 'valuable in pointing to possible future changes in 
the balance between freedom and alienation' (1964, 167). Based on the observations in 
the chemical industry, where skilled maintenance work and relaxed production work came 
into existence, Blauner saw the same relationship between the stages of technical 
development and the skill levels as Touraine, be it that he made some reservations. As 
Bright has already observed, not all production processes could be automated. Further-
more, some unskilled work would be likely to remain, even in the chemical industry. 
Finally, the economic situation of the US chemical industry at the time was favorable, but 
less favorable future circumstances might affect the working conditions negatively. Yet, 
the overall conclusion was that unskilled jobs were at the time being eliminated at a faster 
rate than they were created through fractionized design a tendency which could be 
expected to continue. 
Some conclusions can be drawn about the literature of this period. In the 1950s and early 
1960s, technical systems were generally envisioned to eliminate unskilled tasks, leaving 
skilled tasks for the remaining operators. Hitherto, unskilled work had been created, but 
in the future new machines would eliminate unskilled work. The same period saw the 
birth of integrative methods of work design, although their success was probably very 
limited (see section 2.1) and fractionized methods based on Scientific Management were 
still being developed and refined (f.i. Maynard, Stegemerten and Schwab, 1948). Yet, 
empirical data showed, that unskilled work was still a common phenomenon (Davis, 
Canter and Hoffmann, 1953) and the fractionized design orientation still had an over-
whelming influence. It is hardly surprising, that the elimination of unskilled work due to 
the introduction of 'automation' rather than the application of integrative design methods 
were seen as the driving force behind the coming regradation process. The close 
association between technical systems and work organization or skills, which is found in 
Touraine's three phase theory and in Blight's work, can be explained by the dominance 
of fractionized designs. 
After the mid 1960s, the mood changes. Although Bell (1973) echoed the optimistic views 
of earlier times, more pessimistic views started to gain popularity. The study of Kern and 
Schumann (1970) became a classic of German industrial sociology. Their study is based 
on case studies in nine organizations, operating in eight different industries (the automo-
bile industry is represented twice). A total of twenty organizational changes were studied; 
nineteen of these involved technical changes, one concerned the reorganization of 
assembly work, leading to a stronger division of labor and simpler work. Their main 
conclusion is, that the function structure is more conservative than the degree of mechan-
ization. The latter only partially affects the former, whereby the function structure of the 
non-affected part is kept intact. Furthermore, unskilled tasks and subsequently functions 
repeatedly re-occur after the introduction of new technical systems, for instance when 
manual work is replaced by repetitive 'partial work'. In quantitative terms, few highly 
automated systems exist, around which few highly skilled positions are created. On the 
aggregate level, the differentiated function structure is thus continued even after the 
introduction of new technical systems. Improvements occur for parts of the work force, 
but in total the polarized structure remains. The predictions of the 'new working class' by 
Mallet and Blauner's 'U-curve', are explicitly rejected (Kern and Schumann, 1970, 219 
and 137). 
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Some years later, Mickler, Dittrich and Neumann (1976) adopted a similar position in the 
(German) debate. They studied several plants within three different process industries 
with differing degrees of automation. One of their main findings was, that given a certain 
technical system, the division of labor showed little variation because the managerial 
rationalization strategies are the same (1976, 452). Between the three branches different 
labor organizations were found, whereby the more advanced systems were combined with 
labor organizations occupying relatively increasing proportions of skilled workers. 
Although they acknowledge the existence of degrees of freedom, little of this space was 
used as management aims to reduce labor costs once a specific technical system is 
installed. Furthermore it was concluded, that all plants were characterized by a polarized 
structure. Part of the unskilled positions were created as a result of 'mechanization holes', 
Mechanisierungslucken, i.e. residual tasks and work spots which were not included in the 
design of the technical system. 
Huijgen, Riesewijk and Conen (1983, 24-30) refer to many authors in the 1970s, 
predominantly of German origin, whose empirical work pointed to either degradation or 
polarization. Much of this empirical work concerns office automation, which were 
combined with respectively degradation or polarization. Meanwhile, in France Marxist 
political economists had reserved space for developments with respect to technical 
systems and work content in theoretical studies about the development of capitalist econ-
omies. In the theoretical study 'A Theory of Capitalist Regulation', Aglietta (1976) 
discusses Fordism and Neo-Fordism. Taylorism is superseded by Fordism, wherein the 
labor process is characterized by the semi-automatic assembly line c.q. conveyor-belt. 
Such technical systems led to major labor savings and fixed the workers rigorously to its 
configuration. Neo-Fordism, a term proposed by Palloix, 'is still in an embryonic stage' 
(1976, 122). It is dependent on 'automatic production control', which is more or less used 
as a synonym for NC, and on the 'recomposition of tasks'. This last development had 
started in the mid 1960s, which was made possible thanks to improved information 
systems allowing management to keep control, but 'job rotation and job enrichment are 
simply the ultimate extensions of Fordism and Taylorism' (1976, 128). Aglietta's 
judgement about automatic production control is slightly different. It eliminates the need 
for skilled personnel (on the shop floor), but the engineering department is expanded. The 
capitalist class has to make sure, that it controls the essential production factors, among 
which the 'total submission of the highly skilled personnel responsible' for programming, 
research methods and information processing (1976, 127). 
Braverman's book 'Labor and Monopoly Capital' (1974) evoked a lengthy academic 
debate on 'the labor process', predominantly in the Anglo-Saxon world. The book was an 
attempt to demonstrate the overwhelming impact of Taylorism c.q. Scientific Management 
had had on work content. A multitude of unskilled jobs had been created, enabling 
managers to control the workforce directly. Braverman's work was later criticized and 
refined. Friedman (1977) objected, that worker resistance had allowed craft workers to 
retain part of their autonomy. These craft workers form the core personnel, and are 
controlled by means of a strategy of 'responsible autonomy', which gains worker loyalty 
by a mixture of measures, such as higher wages, status, responsibility and job security. 
The lesser skilled peripheral workers, however, can be controlled by means of direct 
control. In the course of the debate, a host of other more sophisticated ways of control 
were described, for instance by Buroway and Edwards (see Christis, 1983 and Thompson, 
1989 for an overview). Vital for the discussion on work content is, that the adherents of 
the Anglo-Saxon labor process approach focused their attention on the politically interest-
ing issue of control rather than on work content itself. Noble's position on the develop-
ment of the numerical control technology (see section 2.2) fits in this conclusion, as NC 
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was used in his view as a means to transfer the craftsman's production knowledge to 
management. 
Recently, there have been indications that the supposed trend toward an ever increasing 
division of labor has been stopped and is even reversed. In Germany, Kern and Schumann 
managed to remain in the very centre of the debate with their second major work, 
'Toward the End of the Division of Labor ?' (1984; see Kern and Schumann, 1987, for a 
much abbreviated English version). The bulk of the empirical work was carried out in the 
automobile, machine tool and chemical industries, all prospering at the time of the 
investigation. Some branches experiencing worsened business conditions were also 
included. In the prosperous industries, management more and more came to realize that 
the borders of Taylorism had been reached and that the elimination of human work in the 
production process was not the only road to go by, which is presented as a fundamental 
shift in paradigms: so-called 'New Production Concepts' are emerging. New technical 
systems are being utilized, which can not (except for machine-feeding jobs) be operated 
by unskilled workers. Thus, the revised thinking about utilizing humans is connected to 
the introduction of sophisticated machines. Adaptable workers are needed, who are able 
to take decisions on their own. These shifts are related to trends on the product markets, 
namely the demand for an increased variety of quality products, which makes the new 
production concepts economically viable. Yet, there are also losers, such as the unem-
ployed, and those employed in branches affected by the recession facing possible 
unemployment. Furthermore, even in the prosperous sectors not all employees are 
included in the regradation process, although they are likely to tolerate the improvements 
for their colleagues. These developments lead Kem and Schumann to conclude, that the 
polarization process has been transformed into a segmentation process, dividing those who 
benefit from those who do not. Furthermore, they emphasize, that the new production 
concepts, within the boundaries of segmentation, are likely to set a trend for the future. 
Follow-up research (Schumann et al., 1990) confirmed that this trend is gaining import-
ance. 
A similar argument was developed by the American authors Piore and Sabel (1984), who 
signalled a 'second industrial divide' if the trend toward 'flexible specialization' is 
continued. Their message is, that the limits of the industrial developments based on mass 
production have been reached, and that this dominant strategy is likely to be replaced by 
a return to craft production. This alternative development path has consequences for the 
deployment of capital and labor, but also requires the creation of regulatory mechanisms, 
i.e. the shaping of an institutional environment in which craft production can flourish 
('regulation' thus has another meaning than in the French theory of regulation). They 
argue, that mass production never completely replaced craft production (it persisted in 
specific regions and industries), although the economic successes of mass production 
made crañ production a discredited paradigm. This may change with the advent of 
computer controlled machines, which are operated by skilled workers. These new 
technical systems alone do not suffice to explain the second industrial divide as computer-
ized machinery may be used rigidly, and conventional machines have been used in craft 
production before. 'If the computer appears to be the cause of industrial flexibility, this is 
probably less because of its applications than because, malleable as it is, it has helped to 
crystallize the vision of a flexible economy just as the costs of rigidity were becoming 
obvious' (Piore and Sabel, 1984, 262). However, these new machines can fulfil shifting 
market demands, which move away from mass production and allow producers to 
specialize on market segments. Given the response their book generated in sociological 
literature, it is remarkable, that Piore and Sabel pay relatively little attention to the 
division of labor. Lane (1989, 163-195) picked up the thread, and provides a more 
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elaborate discussion of flexible specialization in Germany, France and Britain from the 
perspective of skills. Consistent with the work of Maurice, Sorge and Warner (1980), she 
concludes, that its wide spread presence of skilled labor gives Germany a head start over 
the other two countries to compete with a large variety of quality products. With respect 
to automobile industries, Mueller (1992) concludes, that upgrading of operators' jobs is 
taking place in many European countries, among which Germany and Britain. In their 
book on 'lean production', Womack, Jones and Roos (1990) wam against re-installing 
craft production, in their terms 'neocraftsmanship', in automobile production because of 
its inefficiency. On the other hand, one of the advantages of the new 'lean production' 
above its predecessor mass production is, that it calls for broadly déployable, i.e. higher 
skilled, employees who take initiatives. Furthermore, the active role of the assembly 
workers in lean production is seen as more challenging and fulfilling than that of the 
'neocraftsmen'. 
Although it is beyond the scope of this study to give even a brief overview of the current 
debates, which were invoked by theses of new production concepts and flexible specializ-
ation, some comments on this contemporary literature are useful. In the first place, the 
authors of both works are extrapolating a trend toward the future, which is a striking 
similarity with the literature of the 1950s and early 1960s. The main difference between 
both periods is, that the role of new technical systems as eliminator of unskilled work is 
now replaced by integrative movements caused by shifting market demands, which can be 
fulfilled thanks to a combination of new technical systems and skilled labor. For the first 
time in history, regradation is claimed to be occurring because of a changed design 
orientation. Secondly, the authors are cautious about their projections and explicitly deal 
with the limitations. However, much, if not all, of this cautiousness regularly goes lost 
when their work is discussed in other publications, and the cautious undertone is drowned 
by the optimistic sound of the tune. This is especially noticeable in the attention for the 
position of craft labor in the work of Piore and Sabel. 
Although, admittedly, the overview of theoretical developments leaves many open ends, 
some more concrete conclusions can be drawn about the period from 1950 onward. 
1. In a historical perspective, the multitude of differing opinions forms an important 
constant. In the 1950s and mid 1960s, optimistic visions prevailed, primarily because of 
the belief that the proceeding automation of production processes would ultimately lead to 
the elimination of unskilled work. Perhaps in connection with changed economic condi-
tions and\or a changing Zeitgeist, i.e. flavored by at that time popular Marxist interpreta-
tions, the polarization and degradation tendencies drew most attention in the 1970s. From 
the 1980s on, the mood changes cautiously to more optimistic views. Gahan sees the 
emergence of new production concepts as a 'reaction to pessimistic predictions of 
deskilling and degradation as continuing processes under (monopoly) capitalism, that the 
optimistic vein which runs through the new production concepts has taken root' (1991, 
159). In this transition, two related trend breaks were signalled, namely the increasing 
importance of individualism on product markets and, related to this, the cautious break-
through of integrative design orientations and methods. Yet, for any period it is virtually 
impossible to draw a sharp dividing line between the factual developments from the 
leading thoughts about these developments. 
2. Many linguistically delineated intellectual islands seem to co-exist with a lack of 
ferries. Roughly, scholars writing in either one of the languages English, French and 
German have little knowledge of the theories and ideas if published in another than their 
native language. Exceptions include Blauner's knowledge of Touraine's work, and more 
generally the impact of translated work or reviews (most notably French work published 
in Britain), but overall the international exchange of ideas is disappointing, leading to 
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parallel discussions carried on in different linguistic areas. English being the first world 
language, especially American and British authors have had the chance to dominate the 
debate as carried on in international literature, thereby largely neglecting the input from 
other areas. Of course, to a lesser extent the same can be said about this text, not having 
paid attention to literature from industrialized countries using Spanish, Italian, Japanese or 
Swedish as their prime language. The obstacle formed by the language is not just a 
serious barrier for the advancement of knowledge in itself, but also aggravates the already 
complicated issues in international comparisons. Is there a universal tendency toward 
regradation, driven by an international individualization of consumer demands as 
suggested in the 1980s, or do developments in different countries diverge, as suggested by 
the German emphasis on polarization in the 1970s when the Anglo-Saxon world was more 
concerned with degradation ? 
3. The academic, professional and political backgrounds of the authors vary, which is 
likely to influence, consciously or unconsciously, the interpretation of their findings, and 
the research interests and strategy. This is especially striking in the case of Marxist 
authors. No matter the period, academic discipline or country of origin, Marxist 
approaches are not really concerned with work design or technical developments. In a 
capitalist society, both are subject to capitalist control, which is detrimental to the 
interests of the working class. This point of view is reflected in Lenin's changing opinion 
about Taylorism after the Russian revolution (see section 2.1), and repeated time and 
again. Deskilling of workers enables direct control by management (Braverman), technical 
systems enable deskilling (Noble), integrative design methods are mere extensions of 
Taylorism (Aglietta), and if regradation is truly expected, it will lead to a new, revol-
utionary working class (Mallet). Many of the Marxist publications can be better charac-
terized as lengthy essays, placing 'evidence' in a radical perspective (see section 1.1) 
rather than empirical work. 
Related to this point are the constantly recurring futuristic visions, which generally 
display an optimistic outlook (Touraine, Kerr, Blauner in the 1950s and 1960s, Bell in the 
1970s, and from the 1980s onward the new production concepts and flexible specializ-
ation). The optimism about the future contrast sharply with the practice of using the 
romanticized image of the nineteenth century craftsman as a reference point to demon-
strate the overwhelming impact of deskilling. In both cases, the argumentation is not 
seldom strengthened by appropriate rethorics, creating the impression that it is the 
phraseology that changes, not the underlying trends. These newly invented terms may 
rejuvenate the debate, but at the same time, an already acquired body of knowledge is in 
danger of falling into oblivion. 
4. Despite the more sophisticated research techniques and data, that have gradually 
become available c.q. been developed, and the widening coverage of work situations, the 
problem of selectivity in the empirical foundations, as described above for the period until 
1911, remains an important issue. The studies containing a smaller or larger number of 
cases vary with respect to the industries, sometimes even departments, and technical 
systems covered. Unfortunately, although the authors generally specifically address the 
limited generalizability of their findings, these limits are seldom spelled out if their 
studies are successful in the terms of publicity in the academic or journalistic world. 
A solution for many of the problems addressed above could at first sight be found in 
aggregate studies. However, these are faced with a host of other problems. Jaffe and 
Froomkin (1968) concluded, that little net change occurred in the composition of the 
American working population, whereas Rumberger (1981) found what could be termed a 
reversed polarization, i.e. the proportion of middle-level skills grew at the expense of 
lower- and higher-level skills. Spenner (1983) suggested, that differing research designs 
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yield varying conclusions, whereby case studies show more volatile results than aggregate 
studies, which generally conclude that 'little-net-change' occurs. A problem in interpret­
ing aggregate studies is, that the trend found, no matter its direction, is the resultant of 
many determining, sometimes interdependent factors (Lee, 1982; Huijgen, Riese wij к and 
Conen, 1983). Even when ignoring methodological issues, degradation and regradation 
can be caused by structural or cyclical changes in employment in industrial branches, 
shifts in the occupational composition of these branches, and reskilling and deskilling of 
individual jobs, which on its turn may or may not be connected with the introduction of 
technical systems. Even methodologically sound and representative quantitative studies 
fail to identify the importance of technical and organizational changes. Perhaps qualitative 
and quantitative studies are best used in conjunction, whereby the aggregate studies give a 
general oversight of trend, which can be explained by means of case studies. 
Form et al. (1988), having signalled the indeterminacy of the regradation-degradation 
debate, plea for a contingency approach, whereby these predicted developments on 
distinguished levels are dependent on specified factors. In the following, the level of the 
individual, in this case robotized workspot is further analyzed in the perspective of 
degradation and regradation. 
The robotized workspot 
In chapter five, the output characteristics were assigned a prominent role, determining the 
frequency with which specifiable machine-related tasks occur. They delineate the quantity 
of a substantial part of the tasks that have to be performed to realize the output. Yet, the 
coupling between output characteristics and work design was not so close, that dynamic 
output characteristics automatically led to integrated functions. Rather, such a situation 
offers the possibility to either decentralize or centralize programming. Both choices were 
found to be effectuated, which is a matter of organizational design orientations. The 
evidence suggests, that the output characteristics and the organizational design orientation 
are among the most important contingency factors influencing job design around arc 
welding robots. One wonders what exact role the output characteristics play around other 
machines, such as CNC-machines and FMSs, and at higher levels of aggregation. The 
empirical evidence in this respect is indicative. Figure 4.1 makes it credible, that these 
features play a role in the decision to (de-)centralize programming in case of CNC-
machines, and low programming frequencies were repeatedly mentioned as 'adding little 
to job content', but the impact of the output characteristics has not been systematically 
investigated in case of CNC-machines c.q. FMSs, with the exception of batch size. 
Some additional literature may serve to place the empirical findings of chapter five in the 
perspective of the literature discussed above and to nuance the robot-friendly image 
commonly found in technical literature. To start with the latter, the use of robots is often 
promoted to improve the quality of working life, especially with respect to work content 
and working conditions. Two quotations in the 'Industrial Robot' discussing robot 
statistics illustrate this point: 
'The main objective of an industrial robot is to free human beings from repetitive 
tasks' 
and 
'Human operators will move between supervision of low-level automation to direct 
control of complex operations' (Industrial Robot, 1991). 
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The latter quotation will sound familiar having dealt with the ideas of Touraine and 
Blauner. Although it is perhaps used unconsciously, the use of 'will', referring to future 
events, forms a striking similarity with the future-oriented optimism, which was found to 
occur repeatedly. As is argued in the following, both quotations need balancing. 
Subsequently, work content and working conditions are discussed. 
Work content often changes favorably after robots have been introduced. Monotonous 
handling and assembly work can also be performed by robots (Ebel, 1986, Okubayashi, 
1986, 30). On the other hand, negative conditions are frequently mentioned in combina-
tion with robots. These concern the formation of monotonous, repetitive, machine-paced, 
unskilled, and isolated work (Ewersheim, Bette and Hausmann, 1986, 482; Mossink and 
Peeters, 1992). The monotony is sometimes worsened due to increase machine pacing and 
more intense levels of working (Fleck, 1983, SO). 
Yokomizo makes the following statement about the skills needed to operate automated 
equipment, among which robots: 
'Middle-aged, older and mentally handicapped workers who are not suited for 
other jobs are also engaged in simple jobs. For example, the mentally handicapped 
run numerically controlled machines and machining centres, older workers and 
those not fit for other tasks are engaged in inspection and loading parts onto 
robotic machines, middle-aged and older people work on conveyor lines, including 
automated machinery' (1986, 170). 
Whereas this quotation may be exaggerated and was probably written with the Japanese 
situation in mind, the example of Petra (see sections 3.2 and S.3) proves that 'less valid' 
persons suffice to conduct operating tasks. Negative consequences on job content and 
subsequently skill levels are especially likely to arise around stand-alone robots, of which 
arc welding robots are the most widely occurring example. If not all operating tasks are 
automated, the bulk of the work around stand-alone robots is likely to be simple (Wobbe, 
1989, 3). In this respect, two German studies are interesting, namely the ones by respect-
ively Lauenstein, Seitz and Volkholz (1989) and Urban and Hölldampf (1988). 
Lauenstein, Seitz and Volkholz (1989) analyzed thirteen cases, where robots were used 
for a variety of applications (five cases concern arc welding). These thirteen cases are 
grouped in three types (respectively represented by three, six and four cases), for which 
purpose four characteristics (length of the cycle time, the degree of the division of labor, 
the degree of routine work, and the changes after the introduction of the robot) are used. 
In Types I and II, the working situations have undergone no basic changes before and 
after the introduction of the robot (see Table 6.1). 
Table 6.1 : Types I and Π of Lauenstein, Seitz and Volkholz 
Type 
Cycle time 
Division of labor 
Percentage of routine activities 
Changes 
I 
< 90 sec. 
high 
7 0 - 9 0 
no 
Π 
> 2 min. - 2.5 hrs. 
lower than in Type I 
50 - > 70 
no 
Source : Adapted from Lauenstein, Seitz and Volkholz, 1989, pp 61-86 
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In both Types I and II, the formerly existing function structure has more or less been 
replicated in the new situation, with Type I clearly being less attractive (the cases with 
stable output characteristics are representatives of Type I: monotonous manual welding 
has been replaced by even more monotonous (un-)loading). In the cases of the Type II, 
several work organizations are possible: if the workload is sufficiently high, the simple 
tasks can be grouped into an unskilled function, but there are also possibilities for team 
work. 
The function structure has changed in the cases of Type III. The initial situation was 
similar to the one of Type I, namely much routine work, short cycles, few skills 
demanded, and a high division of labor. The main difference between both types is, that 
in Type III the majority of routine and machine paced work was taken over by the robotic 
system, leaving system monitoring as an important tasks for operators. A precondition for 
the implementation of Type III robot systems is, that the work is routine and short cyclic. 
Otherwise, it is technically difficult and thus expensive to robotize the production process. 
Programming generally only occurs when the system is implemented. Resolving disturb-
ances and optimizing the system are important tasks during the initial periods of oper-
ation. The cognitive skills needed for monitoring are sometimes even below the level 
needed for the manual work in Type II. Monitoring can either be a residual task or part 
of the job of a skilled system operator. 
In all cases, improvement measures can be taken, although it is noteworthy, that only two 
measures affecting work content are mentioned, namely the use of buffers and task 
rotation outside the robotic system. 
With respect to the creation of integrated functions in two out of four welding cases of 
Type II, Lauenstein c.s. note, that it is necessary that programming takes a substantial 
amount of time. 
Urban and Hölldampf (1988) concentrate on arc welding robots. They made a classifica-
tion of arc welding situations, which is based on three factors which influence the type of 
work: 
1. batch size; 
2. number of parts to be welded; 
3. product size. 
The combination of these three factors lead to eight different types of production situ-
ations. Six of these are presented in Table 6.2. The two remaining types concern combin-
ations of large batches and many parts. They can be broken down in a combination of the 
cases included in Table 6.2, and hence add nothing to the essence of the classification. 
Table 6.2 : Classification of robotic arc welding situations 
Batch size 
Number of parts 
Product size 
Type 
Small 
Small 
Small 
1 
Large 
2 
Large 
Small 
3 
Large 
4 
Large 
Small 
Small 
5 
Large 
6 
Source : Adapted from Urban and Hölldampf, 1988, ρ 6 
If no counter measures are taken, the following disadvantages result as the consequence of 
these three factors. Large batches lead to very monotonous production situation. Only 
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when small batches are combined with a large number of parts (types 3 and 4), and the 
division of labor is not high, the authors judge the situation as 'moderately monotonous' 
(1988, 9). A small number of parts means monotonous work, but reduces the risk, that 
accidents happen during disturbances. Small products, and thus short welding times, lead 
to machine paced work, generally at isolated work spots. Isolation is 'intermediate', if 
cycle times are long. 
There are technical and organizational (here meant to include personnel policy) measures 
to improve these situations. Technical measures include the use of buffers to decouple the 
operator from the robot's work rhythm and lengthening the cycle time, although Urban 
and Hölldampf do not specifically mention the possibility to combine several products in 
one production run nor the combination of more than one product in one fixture (see the 
case of Component in section 5.3). Furthermore, the use of lifting devices would reduce 
the problem of handling sizeable products (and\or fixtures). The organizational measures 
basically come down to job rotation, whereby the burden of the monotonous work is 
shared by several operators, who are preferably members of a production team. Job 
design is mentioned as a more general strategy, but does not seem to be linked with any 
particular production situation. 
Although their classification does not cover all output characteristics (especially product 
variability is a noteworthy omission), the introduction of arc welding robots may have a 
favorable impact on the working situation, for instance by increasing the distance from 
human being to the welding process, reducing the risk of inhaling noxious fumes. 
Furthermore, welding large batches of simple products is not likely to be considerable 
pleasurable, whether the process is done manually or by a robot. Nevertheless, whether 
the introduction of robots has lead to improved working conditions can only be assessed 
by comparing the former and the current situation. The new robotized situation is likely 
to entail unfavorable circumstances, unless explicit attention has been paid to avoid these 
(Urban and Hölldampf, 1988, 8-9). This conclusion is similar to the general conclusion 
with respect to job design: unless the organization follows some form of integrative 
design principles, fractionized jobs are likely to occur. 
In conclusion, the introduction of robots does not necessarily lead to an improvement of 
work content. In the cases of Lauenstein as . , the former work organization basically 
remains unchanged after the introduction of robots unless the production process is 
completely robotized. In the latter case, monitoring the robot system becomes the main 
system related task. As arc welding robots are without exception fed manually, much 
unskilled work remains. In these cases, the output characteristics determine to an 
important degree the frequencies with which the robot-related tasks occur (see Types I 
and II of Lauenstein a s . , all cases of chapter five and those by Urban and Hölldampf)· 
Where stable output characteristics exist, robot operators are likely to perform monot-
onous and unskilled work. Where dynamic output characteristics predominate, different 
organizational options are chosen. This situation is a necessary, but insufficient precondi-
tion for the creation of integrated functions. Thus, the conclusion can be drawn, that it is 
not so much the industrial robot that determines whether or not work content is improved, 
but more the application and production use of this robot in combination with organiz-
ational design. Unless explicit attention is paid to the improvement of work design, 
unfavorable results are likely to occur, a finding which also holds for working conditions. 
Situations with bad working conditions are often improved by having robots take over 
taking over dirty, dangerous or heavy work (Ebel, 1986, 47). Mossink and Peelers (1992) 
mention the example of a robot which (un-)Ioads furnaces, handling hot workpieces. 
Forging, spray painting, foundry work, and machine tool loading are mentioned by 
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Lambrinos and Johnson (1984, 24) as other examples where robots have removed humans 
from hazardous work environments. Field robots form a relatively new development in 
this area, serving as bomb detectors or as cleaners of nuclear waste. Yet, some related 
critical remarks need to be made in this respect. In the first place, these applications 
typically represent a relatively small proportion of robot applications. The two foremost 
important applications concern spot and arc welding. For welding, the favorable impact of 
using robots is merely the increased distance between weld and human, lowering dangers 
due to the emission of radiation from the arc and inhalation of possibly noxious fumes 
(Mangold, 1991, 72). Yet, frequently insufficient safety precautions are taken to protect 
operators from dangerous situations (Mossink and Peeters, 1992), occasionally resulting 
in deadly accidents (Nagamachi, 1986, 341). Unless attention is paid to safety aspects, 
robotized work spots may be just as well be connected with dangerous than improved 
working conditions (cfr. Ebel, 1992, 106-107). Secondly, such bad working conditions 
are probably connected to 'labor problems', such as high absenteeism, high turnover, and 
recruitment problems (Fleck, 1983, SO). Labor shortages are with a certain regularity 
mentioned as reason to purchase robots, and the leading position of Japan as robot user is 
partially ascribed to its labor shortage. In the third place, the 'humanization effect' is 
sometimes just an accompanying effect, as Mickler e s . (1981, 268) concluded from their 
research in the German Volkswagen plant at Wolfsburg. In all investigated cases, the use 
of robots was economically justified, but their contribution to the humanization of work 
has to be considered a welcome side-effect. No robots were implemented without the 
fulfilment of economic conditions. Yet, the favorable impact on humanization has lead to 
a positive attitude toward robots. This last finding is confirmed by Okubayashi for Japan: 
'The initial limitation of robots to taking over the 'dirty' work in industry resulted in their 
acceptance by the workers' (1986, 24). Resuming, unfavorable working conditions can 
indeed be improved by using robots, but this motive only concerns particular applications 
and has to be seen in connection with economic and labor problems. Elsewhere, repetitive 
tasks and functions come into existence after robots have been introduced, and safety 
measures are not always adequate. 
Approximately five years later than Mickler e s . (1981), Landau and Brandenburg visited 
Volkswagen's Wolfsburg plant again. Their final conclusion is still valid: 
The use of industrial robots does not necessarily lead to improved working situ-
ations. Both positive and negative effects occur. There are possibilities for im-
provement, but their realization depends on managerial goals and paradigms 
(1986, 204). 
The problems encountered in the early research can still be found. The negative conse-
quences have not gone unnoticed, and measures have been developed to eliminate or 
alleviate these problems. Urban and Hölldampf make may useful suggestions to amelior-
ate robotized arc welding, and many of these were included in a brochure from the 
German union IG Metall (1986). The same can be said of Mangold's (1991) recommenda-
tions to improve safety conditions. The Dutch Labor Inspectorate has issued a brochure 
for this purpose (see industriële robots, 1991). However, integrated functions are far 
from being the standard, and the safety conditions in many organizations leave much to 
be desired. The question arises why the efforts to improve working conditions seem to 
have little effect, but the answers remain speculative. Many organizations may be 
deterred by the improvement costs, the publications may not reach the target audience, a 
technical preoccupation may still predominate, or many organizations do not really see 
alternatives to produce large batches of simple products (to name just one production 
situation which is likely to lead to an unfavorable working situation). 
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Back to the skilling debate The introduction of the technical system 'industrial robot' is 
generally a replacement of a manual welder by a robot-man system. Therefore, the 
conclusion that the output characteristics and the design orientation play an important role 
in the formation of work around robots is only partial, as the initial situation has so far 
not been addressed. However, this is necessary to draw conclusions with respect to 
deskilling or reskilling. 
The role of the output characteristics in the initial situation is important because of two 
reasons. In the first place, the production of the manual welder can also be characterized 
by output characteristics. Constantly welding long batches of simple products can not be 
considered to be attractive work. When a robot-man system is introduced to replace such 
a situation of stable output characteristics, the main change in the function structure is the 
replacement of a semi-skilled welder by an unskilled robot operator: degradation is the 
result. In fact, this change is an example of the classical substitution from manual work to 
repetitive feeding work (Kern and Schumann, 1970). In the second place, robotized 
welding is economically only feasible for a part of the production, namely for those 
products which are technically suited to be welded by a robot and which are produced in 
sufficient quantities. In this case, the robot takes over routine production, relieving 
manual welders from monotonous work. The welders may experience a slight increase in 
welding skills needed, especially those who get to program the robot, but the main effect 
is that unskilled robot operators are needed to feed the robot, i.e. degradation occurs. 
Only when fully automated systems, leaving no residual tasks, are created, regradation 
occurs at the level of the organization because repetitive semi-skilled work is eliminated 
or replaced by monitoring, taking little time and generally added to an existing job. Given 
technical difficulties and financial barriers, full mechanization is only likely to occur 
when large numbers of preferably almost identical products are produced, i.e. stable 
output characteristics. 
Only where integrated functions are created, thus in a situation of dynamic output 
characteristics where an integrative design was chosen, regradation in the sense of 
reskilling occurs. In this case, a skilled welder has to increase his craftsmanship by 
learning the robotized production process. 
Table 6.3 summarizes the effects of the introduction of industrial robots in the situations 
distinguished on the function structure. It concentrates on the operator's function as the 
robot-related tasks of others generally make up only a fraction of their total workload 
(Haring and de Mare, 1991). 
Table 6.3 : Industrial robots and function structure 
Output characteristics 
in new situation 
Stable 
Dynamic 
Jobs in new situation 
No personnel left 
Only operators 
Separate programmer 
Operator-program mer 
Change in function structure 
(Regradation) 
Degradation 
Polarization 
Regradation 
Note : ID case of 'no personnel left', (he parentheses around «gradation point to the tact, that 
regradation occurs at the departmental level, not at the level of the workepot. 
Table 6.3 is basically similar to Table 5.4, which links the output characteristics to the 
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organizational options which were found to be chosen in the case-studies. The integrated 
function of Table S.4 is called 'operator-programmer' in Table 6 3, and following 
Lauenstein et al , an additional possibility is included in Table 6.3, namely 'no personnel 
left'. As said, this option was not found around arc welding robots, but may occur around 
other applications. 
It follows from Table 6 3, that the robot itself is less important for (changes in) the 
function structure than the situation in which the robot is placed and the organizational 
design orientation adopted. This finding confirms hypothesis 1, that the technical system 
and the organizational design orientation are independent. Hypothesis 2, which links the 
output characteristics to the occurrence of integrative organizations is partially confirmed 
and nuanced. The focus here is at the workspot, not at the level of the organization as in 
hypothesis 2 However, drawing a parallel between both levels of aggregation, a link 
between output characteristics and organizational options is present, only dynamic output 
characteristics provide the option to choose for integrated functions Thus, the existence 
of a relationship between both factors is confirmed. However, the character of this 
relationship is different from the one implicitly assumed in hypothesis 2. Where this 
hypothesis implicitly departs from the realization of the option to create integrated 
functions, the evidence merely shows the presence of the option Its realization is a 
matter of adopting an integrative design orientation. Thus, the design orientation provides 
another point to choose By stabilizing the output characteristics, an ideal situation may be 
created for either eliminating unskilled or creating such work. This last option forms the 
quintessence of hypothesis 3, but was not found to occur (see section 5.3). However, as 
only part of an organization's total product range is selected to be welded manually, an 
analogous development may take place The output characteristics of robotized products 
are likely to be more stable than those of the remaining, non-robotized products 
It can be concluded, that robotized work situations do not fit either of the categories 
regradation, degradation or polarization Instead, the specific outcome is to an important 
extent dependent on contingency factors such as the output characteristics and the design 
orientation. The only empirical affirmation of a trend toward regradation was found in the 
three cases of chapter five with integrated functions However, in the majority of cases 
unskilled work forms the major part of robot-related work Furthermore, several of the 
factors affecting the function structure that were mentioned in the review of literature, 
still have not lost their relevance As far as industrial robots are concerned, the notion 
defended by Levasseur, Marshall and later several authors in the 1950s, that technical 
systems eliminate unskilled work, is found to be just as true as the opinion of their 
opponents (Sismondi, Marx; Kern and Schumann, 1970), that unskilled feeding work is 
created. 
These findings raise the question whether output characteristics have been given sufficient 
attention in earlier research Admittedly, the rise of mass production in the nineteenth 
century and recently its decline have been associated with changes in work content, but 
this work directs its attention to the organizational level The same holds for Burns and 
Stalker (1961) However, studies on the introduction of new technical systems seem to 
underestimate the role output characteristics play Batch sizes practically form the only 
exception to this rule (see chapter four) If these output charactensties are given due 
attention in the future, it is important to study them at the appropriate level. There are 
few problems to be expected if this level is the workspot, but at higher levels of aggrega-
tion difficulties may anse as decoupling between the output characteristics at the differing 
levels may occur Thus, even within one organization two identical machines can be used 
in totally different ways One might have expected intuitively, that a flexible machine as 
the industrial robot would fit well in an era where mass production is said to lose its 
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dominance and a return to craft production is envisioned. If robots are seen as flexible 
machines, it has to be realized, that an inherent characteristic of flexibility is its optional 
value. The flexibility may be used, but the execution of this option is by no means a 
necessity. This notion may be counter-intuitive when applied to a technical system with an 
aura of multi-functionality such as the robot. Unfortunately, it is apparently less hard to 
comprehend when applied to the even more flexible human being. 
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NEDERLANDSTALIGE SAMENVATTING 
Banen rond geautomatiseerde machines 
In hoofdstuk 1 wordt de probleemstelling van deze studie geïntroduceerd. Deze luidt: 
'Hoe worden taken, die onderscheiden kunnen worden rond booglasrobots, verdeeld over 
functies, en welke factoren beïnvloeden deze keuze voor een bepaalde vorm van arbeids-
verdeling?'. Om deze vraag te kunnen beantwoorden, wordt in hoofdstuk 2 ingegaan op 
een aantal factoren, waarvan op basis van theoretische overwegingen verwacht kan 
worden, dat ze op de arbeidsverdeling in het algemeen van invloed zijn. Deze factoren 
zijn de 'ontwerporiëntatie', kenmerken van het technische systeem en ontwikkelingen op 
de afzetmarkt respectievelijk de arbeidsmarkt. Op het eind van hoofdstuk worden de 
factoren aan elkaar gerelateerd in een model. Tevens wordt een viertal hypothesen 
geformuleerd. In hoofdstuk 3 worden verschillende vormen van automatisering in de 
discrete fabricage besproken, namelijk (C)NC-machines, industriële robots en flexibele 
fabricagesystemen (FFSen). Met de beschrijving van een aantal technische kenmerken 
wordt de factor 'technisch systeem' uit het voorgaande theoretische hoofdstuk geconcretis-
eerd. Vervolgens wordt ingegaan op de diffusie van deze onderscheiden vormen in 
Nederland. Met name (C)NC-machines zijn inmiddels gemeengoed, maar industriële 
robots en FFSen zijn nog betrekkelijk schaars. Alle vormen worden echter in toenemende 
mate toegepast. 
In hoofdstuk 4 wordt de invloed van de in hoofdstuk 2 besproken factoren nader onder-
zocht aan de hand van in Nederland verrichte empirische studies naar de arbeidsverdeling 
rond de drie onderscheiden vormen van fabricage-automatisering. Daarbij wordt uitgegaan 
van een drietal groepen taken, namelijk programmeren, testen en corrigeren van program-
ma's en bedieningstaken. Deze kunnen in een functie gecombineerd worden (geïnte-
greerde functie), of daarentegen worden uitgesplitst over meerdere functies. Wanneer het 
testen en corrigeren van programma's deel uitmaakt van de functie van de bedieningsman, 
wordt gesproken van een 'partieel-geïntegreerde functie', anders van een 'gesplitste 
functie'. De arbeidsverdeling rond (C)NC-machines is het meest uitgebreid onderzocht. 
Desalniettemin zijn de onderzoeksresultaten niet eensluidend. Een aantal verbanden tussen 
onafhankelijke factoren en het voorkomen van geïntegreerde functies kan ceteris paribus 
wel gelegd worden, maar hun exacte invloed blijkt in een aantal gevallen moeilijk vast te 
stellen omdat deze onafhankelijke variabelen met elkaar verband houden. Over industriële 
robots zijn slechts weinig gegevens beschikbaar. De bestaande onderzoeksresultaten zijn 
bovendien vrij versprokkeld. De studies lijken erop te wijzen, dat deze machines over het 
algemeen worden ingezet voor produktie van een beperkt aantal produkten in vrij grote 
series. In dat geval bestaat het merendeel van de te verrichten werkzaamheden uit 
eenvoudige bedieningstaken, voornamelijk laden en lossen. Rond FFSen komen geïnte-
greerde functies in het geheel niet voor: gesplitste functies overheersen. Dit kan worden 
toegeschreven aan de complexiteit van het programmeerwerk en het streven naar een hoge 
bezettingsgraad. Hoofdstuk S bevat het empirische gedeelte van deze studie, namelijk 
gevalstudies naar de arbeidsverdeling rond booglasrobots. Het aantal produkten, de 
seriegroottes en de frequentie waarmee geprogrammeerd wordt blijken sterk te variëren. 
Dit 'produktgebruik' van robots en de gehanteerde ontwerporiëntatie beïnvloeden in 
belangrijke mate de arbeidsverdeling. Tenslotte worden de bevindingen uit het voorgaande 
in het hoofdstuk 6 in een historisch kader geplaatst en wordt kritisch ingegaan op de 
positieve gevolgen, die robots zouden hebben voor de factor 'arbeid'. 
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